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FURTHER OBSERVATIONS ON THE PHARMACOLOGY OF BENZYL 
COMPOUNDS* 


By Cari NIELSEN AND JOHN A. Cuicago, ILLINOIS 


N a preliminary article published by us' it was shown that benzyl benzoate, 

as well as benzyl cinnamate, are capable of producing a relaxation, in situ, 
of longitudinal muscles of the intestine in dogs and eats. The records in our 
previous paper were obtained by the Jackson method. The graphic records 
in our present article, dealing with the action of other benzyl compounds on 
the intestinal movements, in situ, were obtained, with one exception, by using 
the Trendelenburg method as illustrated by MeGuigan.? This author makes 
note of three classes of movements of the intestine, namely, the pendulum 
movement, the peristaltic movement, and the rolling movement. In using the 
Trendelenburg method, these various movements can be observed through the 
upright glass cylinder. We shall call attention to these movements later in 
this paper. 

Since we have already referred, in our previous article, to the research 
work published on this subject, we need here only call attention to a more 
recent and very interesting communication by Volwiler and Vliet* dealing with 
the preparation of various benzyl esters and their comparative rate of hydrol- 
ysis. This work is important and it led us to attempt to determine whether 
the relative power of benzyl esters to relax smooth muscles is proportionate 
to the rate at which they are hydrolyzed into benzyl alcohol. Macht has ob- 
served‘ that the benzyl compounds are metabolized into hippuric acid and 
that this change takes place more rapidly in rabbits than in dogs. He has also 
shown, and we have confirmed his finding, that the benzyl aleohol produces 
a fall in blood pressure and a relaxation of smooth muscles similar to the 
benzyl esters. We have observed that, while these reactions take place in the 
dog almost immediately upon intravenous administration of benzyl alcohol, 


*From the Pharmacologic Department of The Abbott Laboratories, Chicago, Illinois. 
69 


| 
ty 
Vox. VII. No. 2 


70 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


they appear more gradually upon intravenous administration of benzyl esters. 
This would indicate that the action of benzyl esters is partly or mainly due 
to their gradual hydrolyzation into benzyl aleohol. The benzyl alcohol after 
exercising its effect combines with glycocoll and is excreted as hippuric acid. 
The action of benzyl esters upon the intestine, in situ, of dogs may be greatly 
hastened by dissolving the benzyl esters in aleoholiec sodium hydroxide im- 
mediately before injection. ; 

In the course of our experiments on the blood pressure, respiration, and 


Fig. 1.—Showing the effect of benzyl ester emulsions on blood pressure and respiration. 


He 


Fig. 2.—Showing the comparative action of benzyl acetylsalicylate and benzyl salicylate emulsions on 
the blood pressure of a dog. 
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intestinal movements, we have therefore attempted to throw some light on 
this subject. 

In view of the desirability of presenting a therapeutically active benzyl 
ester in tablet form, various solid benzyl esters were also tested. We have 
studied a total of twelve benzyl esters, five liquid and seven solid, at room 
temperature. Due to lack of space, we shall confine ourselves to some of the 
results obtained from a limited number of these and publish our work on the 
others at a later date. 

All the benzyl compounds we have investigated produce a fall in blood 
pressure when injected intravenously. The respiration was also depressed by 
relatively large doses, and in many cases we have noted an actual stoppage 
of respiratory movements while the heart would continue to function. Fig. 


Fig. 3.—Showing the comparative action of undiluted benzyl esters on the blood pressure. 


1 is an example of the action of some of the benzyl esters on blood pressure 
and respiration. Benzyl acetylsalicylate and benzyl acetate produce a much 
more marked effect upon blood pressure and respiration than benzyl benzoate 
in the same dose. Benzyl acetate shows a more pronounced reaction on respi- 
ration. Fig. 2 shows the action of benzyl salicylate as compared to benzyl 
acetylsalicylate in another dog. Benzyl salicylate produced only a very slight 
fall as compared to that produced by the same dose of benzyl acetylsalicylate. 
Fig. 3 demonstrates the comparative action of the salicylate and the benzoate 
on the blood pressure when injected undiluted. While these blood pressure 
records suggest a theory of action proportionate to hydrolysis, our experiments 
on the intestine, in situ, show that, on that organ at least, two of the esters, 
benzyl salicylate and benzyl acetylsalicylate, do not behave according to that 
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theory. Fig. 4 is interesting because it demonstrates the gradual and pro- 
longed fall in blood pressure caused by the injection of benzyl acetylsalicylate 
in sweet almond oil, as compared to the abrupt and short fall in blood pres- 
sure produced by a relatively smaller dose in the form of an emulsion. This 
difference would naturally be expected because the oil delays the hydrolysis. 

During the first period of our investigation on the action of benzyl com- 
pounds upon intestinal movements, we injected the esters in the form of 5 
per cent emulsions. This method was quite satisfactory as long as we had 
to do with liquid esters alone; but, in order to investigate and compare the 
action of the entire series, including esters solid above body temperature, it 
became necessary to find a solvent suitable for all of them. We dissolved, 
therefore, the benzyl esters in sweet almond oil (1:5) and injected these solu- 
tions at a temperature slightly above that of the body; that is, approximately 
at 39° to 40°C. The esters with a higher melting point remained in solution 


Fig. 4.—Showing the difference in effect of benzyl acetylsalicylate, in an oily solution and the same 
ester in an emulsion form, on the blood pressure of a dog. 


in this proportion sufficiently long to be distributed and absorbed. These oily 
injections produced a very slow and gradual intestinal relaxation in the dog 
while the cat’s intestine responded almost immediately to them (Figs. 5, 6, 7 
and 14). The same difference in response was noted when the undiluted liquid 
esters were injected. The cat evidently metabolizes the benzyl compounds 
much more rapidly than does the dog; the cat, therefore, seems to be an ex- 
ception to the rule of the difference in benzoic acid metabolization between 
herbivora and carnivora, as mentioned by Macht.* When an oily solution of 
benzyl fumarate was injected into a dog, the gradual intestinal relaxation and 
the gradual fall in blood pressure proceeded at the same rate (Fig. 5). The 
drum was stopped for a short period of time at a. 

Fig. 6 is a tracing showing the action of benzyl fumarate and benzyl 
acetylsalicylate in oily solutions upon the intestine, in situ, of a cat. In this 
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particular experiment, the so-called rolling movements of the intestine were 
noted. Benzyl fumarate, 0.5 ¢.c. of a 20 per cent solution in almond oil, par- 
tially stopped the rolling movements, whereas the same amount of a 20 per 
cent benzyl acetylsalicylate solution in almond oil virtually paralyzed the 
The increased intestinal movements which followed the 


intestinal segment. 
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injection of benzyl acetylsalicylate in this instance were undoubtedly due to 
a partial asphyxia induced by stoppage of respiration. As the respiration was 
reestablished, it will be noted that the intestinal relaxation continued. Con- 
trol experiments were carried out to show any possible influence of sweet al- 
mond oil (Fig. 7). This oil had only a negligible effeect—if any—upon the 
movements of the intestine, while 1 c.c. of a 20 per cent benzyl fumarate 
solution in sweet almond oil produced a distinct relaxation of the intestine in 
the same eat. This striking difference in response to intravenous benzyl ester 
injections between the dog and the eat led us to search for a means of hasten- 
ing the hydrolysis and thereby the action of the benzyl esters in the dog. 

This was accomplished by dissolving the benzyl esters in aleoholie sodium 
hydroxide immediately prior to the injections (90 seconds). It was thought 


Fig. 7—Showing the comparative action of sweet almond oil and a benzyl fumarate solution in sweet 
almond oil on the intestine of a cat. 


that, since the hydrolysis of the benzyl esters injected into the dog’s blood 
stream proceeded very slowly, an addition of alkali in this manner would 
start the hydrolysis and bring about a reaction on the intestinal organ similar 
to that which would result from oral administration of these esters. We pro- 
ceeded, therefore, (Fig. 8) by injecting 1 ¢.c. of n/10 NaOH in 95 per cent — 
aleohol into the vein of a dog prepared for this experiment, and recorded 
marked intestinal contractions. This was followed by an injection of 1 ¢.c. of 
a 20 per cent solution of benzyl acetylsalicylate in n/10 aleoholie NaOH. This 
produced a marked intestinal relaxation. After a considerable lapse of time 
(approximately an hour and a half) the same experiment was repeated sub- 
stituting benzyl fumarate for benzyl: acetylsalicylate (Fig. 9). The records 
show that the benzyl acetylsalicylate, which contains only slightly more than 
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half as much benzyl as the same dose of benzyl fumarate, produced a more 
marked and more lasting intestinal relaxation in the same dog. 

Fig. 10 shows the result of the intravenous injection of a 20 per cent 
solution of benzyl acetylsalicylate in n/10 sodium hydroxide, prepared ap- 
proximately half an hour prior to the injection. The reaction was almost im- 
mediate and very marked. 

Similar experiments were made with benzyl benzoate (Fig. 11). An intra- 
venous injection was made into a dog, of 1/2 ¢.c. of benzyl benzoate, undiluted. 
As usual, there was hardly any reaction on the dog’s intestine from this in- 
jection. This was now followed by 1/2 cc. of benzyl benzoate dissolved in 


For description see text. 
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2-1/2 ¢.c. of n/4 aleoholie sodium hydroxide. A marked intestinal relaxation 
followed almost immediately. After the return of the intestine to normal, 
2-1/2 ¢.c. of n/4 alcoholic sodium hydroxide alone was injected. The result 
was a strong contraction of the intestine. In order to verify our point, we 
next repeated the injection of 1/2 ¢.c. of benzyl benzoate in 2-1/2 c.c. of n/4 
alcoholic sodium hydrate, and again we obtained a marked relaxation. The 
intestine was then again allowed to return to normal, after which an injection 


Fig. 10.—For description see text. 


of benzyl acetylsalicylate was made in a quantity containing the same amount 
of benzyl as 1/2 c.c. of benzyl benzoate, that is, 0.66 ¢.c. dissolved in 2-1/2 c.c. 
of n/4 aleoholic sodium hydroxide. The intestinal relaxation obtained from this 
dose was very rapid and pronounced and stronger than that produced by the pro- 
portionate dose of benzyl benzoate. The record in this instance does not do full 
justice to the power of benzyl acetylsalicylate to relax the intestine, because the 
respiration ceased, and as a result of the asphyxia, the intestine started to 
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contract again too soon. It should be noted that the amounts of sodium hydrox- 
ide used in these experiments were only 1/10 to 1/4 of those required to hydro- 
lyze the total amounts of benzyl! present in the injections. 

The experiments with. alcoholic sodium hydrate were intended only to 
throw further light upon the fate in the body and the manner of action of the 
benzyl esters. 

The strikingly powerful action, upon intestinal muscles, of benzyl salicy- 
late and benzyl acetylsalicylate (Figs. 6, 8 and 14) led us to experiment further 
with them. The salicylate, according to Volwiler and Vliet, hydrolyzes more 
slowly, in vitro, than any of the esters investigated by us, yet its power of re- 
laxing the intestine is so great as to be out of all proportions to its rate of 
hydrolysis. The benzyl acetylsalicylate is still more powerful; in fact, it sur- 
passes all the esters investigated. 


Fig. 12.—Showing the action of benzyl salicylate on a cat’s intestine, when injected undiluted. 


Fig. 12 shows the effect of an intravenous injection of 0.108 ¢.c. benzyl 
salicylate, undiluted, into a eat (corresponding in benzyl content to 0.1 c.e. of 
benzyl benzoate). The same amount of benzyl salicylate dissolved in 0.2 e.c. 
of oil produced a much more pronounced and prolonged relaxation of the in- 
testine in a cat than the molecular amount of benzyl in the form of benzyl 
benzoate (0.1 ¢.c. plus 0.2 ¢.. oil) (Fig. 13). It is evident, therefore, that 
benzyl salicylate owes its action on the intestine to something else besides its 
benzyl content and its rate of hydrolysis. This may be true for the benzyl 
acetylsalicylate also. This ester is closely related to the salicylate and its high 
rate of hydrolysis, in vitro, does not cause a rapid formation of benzyl alcohol, 
but rather a splitting off of the acetyl group, followed by a gradual hydrolysis 
of the remaining benzyl salicylate. Volwiler and Vliet’s experiments indicate 
that the velocity of saponification of the benzyl group in benzyl acetylsalicy- 
late is the same as that in benzy!] salicylate. 

The pharmacologic aspect of this question is being further investigated 
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Fig. 13 —Showing the comparative action of benzyl benzoate and benzyl salicylate on the intestine of a cat, when injected in oily solutions in benzyl-molecular 
amounts (0.2 c.c. of a mixture of 1 gm. benzyl benzoate and 2 gm. oil, and 0.2 c.c. of a mixture of 1,08 gm. benzyl salicylate and 2 gm. oil). 
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Fig. 14.—Showing the action of benzyl salicylate on a cat’s intestine, when injected in an oily solution. 
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by us. We may say at this time that, from the numerous records we have 
produced, in addition to those published here, there seems to be a correlation 
of rate of benzyl hydrolysis and smooth-muscle-relaxing property in the series 
of benzyl esters investigated by us, with the exception of the salicylate and 
acetylsalicylate. 

In addition to the foregoing data, we present a few tracings showing the 
action of the blood pressure, respiration and intestinal movements, produced 
by benzyl eyanide and that on the intestine by benzyl phenolate (Figs. 15 and 
16). It will be seen that these benzyl compounds also produce relaxation of 


Fig. 15.—Showing the effect of a 5 per cent benzyl cyanide emulsion on the blood pressure, respira- 
tion and intestinal movements in a dog. 
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the intestine and that benzyl cyanide is similar to other benzyl esters in its 
action on blood pressure and respiration. The benzyl phenolate record shows 
that one may look for intestinal relaxants in the domain of benzyl ethers also. 


CONCLUSIONS 


All the benzyl esters we have investigated produced relaxation of in- 
testinal muscles, lowered the blood pressure and depressed the respiration in 
a manner corresponding, in a general way, to the action of benzyl benzoate 
as demonstrated by Macht. 

The power to relax smooth muscles and thereby relieve spasmodic pain, 
seems, in the eases of simple benzyl esters, to be proportional to their rates of 


Fig. 16.—Showing the effect of a 5 per cent benzyl phenolate emulsion on a dog’s intestine. 


hydrolysis; but in the eases of benzyl esters containing substituting groups 
such as in benzyl salicylate and benzyl acetylsalicylate, rate of hydrolysis to 
give benzyl alcohol is not a criterion of pharmacologic action. 

Of the twelve benzyl compounds we have tested, benzyl acetylsalicylate 
appears to be the most powerful intestinal relaxant. Benzyl salicylate is also 
very efficient. Further investigation of these esters is now being carried out. 
A summary of our experiments with the esters of higher melting points will 
also be published later. 
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A TECHNIC FOR MAKING A BILIARY FISTULA 


By F. C. Mann, M.D., Mayo Founpation, RocHESTER, MINNESOTA 


F THE many methods described for making biliary fistulas one of the 

following procedures has been generally employed: (1) Suturing the gall 
bladder to the abdominal wall and opening it so that bile drains to the exterior ; 
(2) suturing-a cannula or rubber tube in the gall bladder; (3) excising the 
common bile duct at the point of entrance to the duodenum with a piece of 
duodenal wall and suturing it to the skin; and (4) placing a cannula in the 
common bile duet. 

All of these methods have been tried in our laboratory and have been 
found unsatisfactory in many ways. The most successful of these methods 
of making a biliary fistula we have found to be suturing the gall bladder to 
the skin. In many experiments the bile will drain through the gall bladder for 
a long time. Usually, however, the viseus becomes infected, which may seri- 
ously interfere with the results of the experiment. It should be noted that 
when the bile is drained through the gall bladder, it is absolutely essential 
that the common bile duct is doubly ligated and sectioned. Even after such a 
procedure the partial re-establishment of bile drainage into the intestine is 
not uncommon. When cannulas are used, they quite frequently ulcerate out 
or the area surrounding them becomes infected, making the work and results 
unsatisfactory. The transplantation of the duct with a piece of the duodenal 
wall is often a failure because of the poor blood supply to the transplanted 
tissue, because of the tension necessarily placed on the sutures and tissue which 
hold the duct stretched to the abdominal wall, and because of injury to the 
pancreas and infection. In order to overcome some of these difficulties, an- 
other method was devised for the work in our laboratory and has proved very 
satisfactory. We have used it in the dog only, but it could be employed in 
other species such as the cat and goat. The essentials of the technic are, first, 
definite fixation of the common bile duct in a superficial position before its 
relation to the duodenum is disturbed and, second, draining the duct to the 
exterior. The operative procedure is carried out in two stages. In the first 
stage the duodenum is immobilized just under the skin in a manner so that 
the common bile duet is close to the surface. After complete healing has taken 
place, the duet is exposed, the distal end ligated, and the proximal end left 
open, flush with the skin. 

Briefly the steps of the operation are as follows: Under ether anesthesia 
and with sterile technic a midline or right rectus incision is made. The inci- 
sion should be carried forward as far as possible without opening the pleural 
eavity. The pylorus and first portion of the duodenum are located and pulled 
up into the wound. A small opening through the mesentery of the duodenum 
is made about 4 em. on each side of the point of entrance of the common bile 
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duct into the duodenum and between the duodenal wall and the pancreas. 
Care must be taken in making these openings not to injure the pancreas and 
the blood vessels going from the pancreas to the duodenum, and in making 
the lower opening not to injure the major pancreatic duct. Through these 
openings the peritoneum and, later, the fascia are sutured with double No. 2 
chromic catgut. This procedure leaves the duct-bearing portion of the duo- 
denum just under the skin (Fig. 1). The superficial fascia and the skin are 
then sutured over the transposed loop of intestine (Fig. 2). In closing 
around and over the upper and lower ends of the loop care must be taken not 
to cause too much pressure as obstruction may be produced. After complete 
healing has taken place, which requires from seven to fourteen days, at a 
second operation a small incision is made over the point of the transposed loop 


Fig. 1—The first part of the duodenum pulled out into the wound and the peritoneum and fascia 
sutured through the openings made in the mesentery, thus fixing it firmly in position with the bile duct 
partially exposed. 


Fascia “sutured over loop of ducdenime 


Fig. 2.—The subcutaneous fascia sutured over the transposed loop of the duodenum. 


where the common bile duct is located, the duct is exposed, ligated, and opened 
so that it will drain at its point of emergence from the skin. It is usually a 
good plan to keep a soft rubber catheter in the duct for the first day or two 
after operation. This prevents inflammation following operative trauma from 
obstructing the flow of bile. The operative wound usually heals quickly and 
in a very few days after the second operation observations can be started. 

We have found this method of making a biliary fistula more successful 
and satisfactory than any other. By simply passing a catheter into the opened 
end of the duct observations can be taken on the secretory activity of the 
liver, the secretory pressure of the organ, or the movements of the gall bladder. 
We have made repeated observations on some of our animals for periods of 
six months or more, during which time the animal was maintained in an appar- 
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ently normal condition. However, since bile seems to be an absolutely neces- 
sary secretion for the maintenance of life and good health, sooner or later all 
our animals have developed serious conditions regardless of the method of 
making a bile fistula or the method of feeding. As in all fistulas there is a 
tendency toward a healing over of the opening, for this reason it is desirable to 
eatheterize quite frequently. The cicatrization is not so troublesome, how- 
ever, as when the bile is drained through the gall bladder and after the first 
few weeks catheterization is not necessary. 


A TECHNIC FOR THE ESTABLISHMENT OF A PERMANENT PANCRE- 
ATIC FISTULA WITH THE SECRETION OF INACTIVE 
PROTEOLYTIC FERMENT* 


By DeP. Intow, M.S., M.D., FeLLow THE Mayo 


RocHESTER, MINNESOTA 


EW methods which have been used for the establishment of permanent 

pancreatic fistulas in animals have been entirely successful, and none ideal. 

Claude Bernard tied a glass tube into the pancreatic duct and led it 
through the abdominal wall. Ludwig’s followers fastened into the duct in 
similar manner a T-shaped piece of twisted lead wire. These procedures gave 
fistulas which remained patent for a few days only, the glass tube and the 
wire coming out and the duct cicatrizing. Yet these were steps forward 
since they permitted the maintenance of a fistulous tract for a time sufficient 
to allow the inhibitory effects of narcotization and operative trauma to wear 
off, although infection almost always developed immediately and produced 
incessant irritation of the gland and stimulated it to continuous secretion 
regardless of whether or not digestion was in progress. 

Pavlov, in 1879, and Heidenhain, in 1880, independently published meth- 
ods which were very much alike. Pavlov’s technic has become classic and has 
been employed almost universally. It is as follows: 

The duodenum is delivered through a midline or right rectus incision, 
the entrance of the pancreatic duct isolated, and a rhomboidal piece of the 
duodenal watl bearing the orifice of the duct is its center, is excised. The 
opening in the bowel is closed and the isolated piece of intestine sewed into 
the slit in the abdominal wall; the duodenum itself is retained against the 
anterior parietes by temporary suspension sutures. The drawbacks to this 
procedure are: An active proteolytie juice is secreted which erodes the ab- 
dominal wall, causes pain and bleeding, and reflexly inhibits secretion ; the pan- 
ereatie juice is rendered impure by the secretion of the flap of transplanted 
duodenum ; the amount of enterokinase activating the trypsinogen is not under 
quantitative control; tension is put on the duct by its traversing of the entire 
thickness of the abdominal wall, and by the insecure fastening of the duode- 


*The study was made by the Division of Ruperinental Surgery and Pathology, Mayo Foundation, 
under the direction of Dr. F. C. Mann. 
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num; these circumstances often lead either to retraction or to necrosis of the 
papilla. 

Babkin modified Pavlov’s technic in order to avoid the secretion of an 
active proteolytic juice. After the primary wound had healed, he dissected off 
the oval piece of mucous membrane from around the orifice of the fistula. 
Hiowever, such a duct so treated is likely to become strictured and is kept open 
with difficulty. 

Theoretically the ideal method would permit emptying the juice into 
the intestine during the intervals between experimental collections. In an 
effort to attain this Fodera, in 1894, succeeded in getting a special T-shaped 
metallic cannula to heal into the duct so that the juice could be collected 
exteriorly or allowed to run into the intestine as desired; but by this procedure 
Vodera could have no assurance that juice might not also be emptying into 
the intestine as well as externally. 

Lattes, in 1912, developed a technic largely similar to that of Pavlov; it 
differed in that the primary incision was made through the right mammary 
iine, the duodenal papilla alone was excised, and the duct brought through 
the muscular layers of the abdomen in such a fashion that contraction of these 
would keep it collapsed save when a cannula was introduced. Thus a con- 
tinent fistula was obtained. Lattes found that an ampulla was formed just 
hack of the obstruction, that the duct lengthened, and that in compensation the 
other pancreatic duct became longer. 


Frouin, in 1913, evolved a method for the formation of a fistula to secrete 
inactive juice. Through an incision somewhat to the right of the midline the 
duodenum was brought up and the major pancreatic duct cut at its juncture 
with the gut. The duodenum was then sutured into the opening in the muscle, 
forming a tampon, and the duct brought through a stab wound in the skin 
about 2 em. from the primary incision. Two complications were encountered: 
intestinal obstruction and retraction and obliteration of the orifice with 
marked dilatation of the canal back of the obstruction if the duct were everted 
insufficiently. 


Following the principle of transplantation of the duodenum under the 
skin as developed by Mann in establishing biliary fistulas (see illustrations in 
preceding paper) we evolved a technic for the formation of pancreatic fistulas 
which seems to offer certain advantages over those heretofore suggested. 
The procedure may be performed either as a one-stage or a two-stage operation. 


One-Stage Operation—A curved incision about 10 em. long is made 
through the skin of the abdomen, starting just below the xiphoid process and 
cireling to the right until at its middle the cut is approximately 2 em. from 
the midline. This curved skin flap with sufficient of the underlying subcutane- 
ous tissue to insure adequate blood supply is reflected to the linea alba and the 
ordinary midline laparotomy incision is made. The duodenum is located, de- 
livered into the wound, and turned to the right. The blood vessels in the 
immediate neighborhood of the entrance of the major pancreatic duct into the 
intestine are ligated and severed, the pancreas is separated from the duodenum 
in this region, and the duct itself isolated. (In the dog the free part of the 
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duct of Santorini, which is about 2 mm. wide and 0.75 mm. long, will be found 
on the left side of the duodenum near the posterior part of the portion of the 
pancreas which is directly applied to the gut. A section of the gland over- 
laps and hides it, but by pushing this back at the point where a large blood 
vessel is noted on the surface of the bowel in this area it may be easily lo- 
eated’?). The transplantation of the duodenum is accomplished by rotating 
its axis to the right, and approximating the two edges of the abdominal wall 
under the duodenum by means of four single mattress sutures, No. 2 chromic 
eatgut, which inelude both fascia and peritoneum (two sutures to each side 
with the location of the duct at about the middle of the incision). Openings 
just sufficient for the duodenum to pass through snugly, but without constric- 
tion, are left at the upper and lower ends of the wound. In the rotation of the 
duodenum a small portion of the pancreas is brought out of the abdomen and 
thereby the entrance of the duct into the gut becomes very superficial. The 
mattress sutures pass through this portion of the pancreas in an oblique direc- 
tion; the head of the needle is passed first in order not to injure blood vessels 
by the sharp point, and comes out at the juncture of the intestine and the 
right layer of the mesoduodenum. At each of these points a portion of the 


Fig. 1—The duodenum transplanted outside the abdominal cavity with the major pancreatic duct still 
in situ preparatory to the establishment of the fistula. 


bowel wall is ineluded in the sutures for secure anchorage. The sutures are 
tied and the abdominal cavity shut off from the field of operation (Fig. 1). 
The skin on the right of the initial incision is reflected in its central por- 
tion for approximately 1 em., depending on the amount of room needed for 
the easy reception of the duodenum which is brought over to the right and 
fitted into the eavity thus made. Catgut sutures passing through the perito- 
neal and muscular coats of the intestine and through the superficial fascia of 
the abdominal wall are inserted to maintain the bowel in its new position. 
The pancreatic duct is dissected free for the short distance which it runs 
obliquely beneath the serosa of the gut and is partially severed at the point 
where it enters the muscular layer. A very fine silk suture on a small needle, 
such as is used for blood vessel anastomosis, is passed through the free left 
lip of the duct, a section of a ureteral catheter is inserted into the canal for a 
short distance, and the duet completely severed. The serosa is brought to- 
gether over the small wound in the intestinal wall by one or two Lembert 
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sutures. Three other fine silk strands are then passed through the extremity 
of the severed duct at equal distances. A small stab wound is made in the 
original semicireular flap of skin just over the point where the duct disappears 
into the pancreas and by means of the strands the duct with the catheter is 
brought through the opening. The original skin incision is closed by sutur- 
ing the subcutaneous fascia with catgut and the skin with interrupted linen 
stitches. The end of the duct is everted and securely fastened to the skin by 
means of the four silk sutures, the catheter is left in place and its free por- 
tion allowed to run along the abdominal wall for from 4 to 5 em. where it is 
fastened by two or three superficial stitches. The wounds are iodinized and 
covered with collodion dressings (Fig. 2). 

Two-Stage Operation—At the first operation the duodenum is trans- 
planted under the skin as described for the one-stage operation. A month 
later (if the interval is shorter a great deal of bleeding is encountered from 
the new-formed vessels at the site of the old wound) at the second operation 
the duct is brought to the surface. If the time ean be spared the two-stage 


Fig. 2—E130. Photograph of dog taken twenty-three days after a one-stage operation for the 
establishment of a pancreatic fistula. The orifice of the pancreatic duct, bulging due to the transplanted 
duodenum, and the intact condition of the skin of the abdomen are shown. The animal was killed 
by ether three months and three days after the formation of the fistula and the pancreas grossly was 
found to be normal. 


method is preferable, since the animal may then be in good nutritive condition 
before the establishment of the fistula, and the chances of peritoneal infection 
are lessened. 

This technie suggests that intestinal obstruction may occur. We have 
never encountered this complication, and believe that it can be avoided easily 
by proper care in the transplantation of the duodenum. However, at times 
the common bile duct becomes slightly dilated, probably because of the rota- 
tion of the intestine, but this is of little significance. 

Immediately after operation the animal is provided with a metal collar 
to prevent any disturbance of the wound. There is no secretion from the 
fistula for the first three or four days, at the end of which time the catheter 
comes out spontaneously. Thereupon a slight irritative secretion frequently 
appears and may last for a week, while the pancreatic gland secretes whether 
or not food is given. The secretory conditions are normal and the wound 
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completely heals within a fortnight, when experimental observations may be 
begun. As a rule, the fistula shows little tendency to close, but when the 
tendency is apparent, it is most evident between the tenth and fourteenth 
days, and may be avoided easily by passing a probe or cannula into the open- 


ing every second day. 


COMMENT 


The animals used (dogs) have been kept ordinarily on a diet of milk, with 
sodium bicarbonate added to make up for the loss of alkali through the juice. 
No untoward results, such as have been described by Pavlov, have been 
noted from feeding meat. The animals, save for a slight loss at the time of 
operation, maintain their weight, especially if the two-stage technic is em- 


ployed. 
The juice secreted is completely inactive so far as proteolytic ferment is 


concerned, and has no effect on the skin of the abdomen. For protein-digestion 
experimentation the juice is activated by the addition of enterokinase solution 
prepared by the method of Bayliss and Starling. This solution may be kept 
for months at room temperature. After a secretory meal has been given, the 
juice may be collected in many ways. We have found it most satisfactory to 
tie the dogs to a frame and apply a metal funnel over the duct opening. Dur- 
ing the times of noncollection the animals lick off the abdomen so that the amount 
lost is not so great as would at first appear. 

The suecess of the technic suggested depends on the following factors: the 
avoidance of opening the intestine ; the fixation immediately under the skin of the 
point of exit of the duct from the pancreas; and the bringing of the duct to 
the surface of the abdomen through an incision other than the operative in- 
cision. These are accomplished by severing the duct just as it enters the 
tunica muscularis of the intestine, transplanting the duodenum under the skin 
with rotation of its axis to the right, and making a primary curved incision 
away from the point of bringing out the duct. Thus are avoided the danger 
of peritonitis and stricture of the duodenum, retraction and necrosis of the duct 
from tension, and subsequent closure of the fistular orifice by its inclusion in 
the operative sear, factors which are most inimical to success. 


BIBLIOGRAPHY 


iBabkin: Quoted by Pavlov. 
2Bayliss, W. M., and Starling, E. H.: The Proteolytic Activities of the Pancreatic juice. 
Jour. Physiol., 1904, xxx, 60-83, 


Bernard: Quoted by Pavlov. 
4Fodera, F. A.: Fistola pancreatica permanente; nuovo processo operatorio ed esperenze 


preliminari. Arch, di farm, e terap., 1894, ii, 225-234, 
5Frouin, A.: 


Nouvelle technique de la fistule pancreatique permanente. Presentation d’ani- 
maux et de pieces. 


Compt. rend. Soe. de Biol., 1913, xxiv, 1283-1286. 


6Heidenhain: Quoted by Pavlov. 

7Lattes, L.: Hine Methode zur Herstellung kontinenter Pankreas-Dauerfisteln, Ztschr. f. 
biol, Techn. u. Method., 1911-1912, ii, 366-371. 

SLattes, L.: Fistola pancreatica Pawlow Continente. 
1912, xviii, 66-69. 


Gior. d. r. Acead. di med., di Torino 


*Ludwig: Quoted by Pavlov. 
Mann, F. C.: A Technie for Making a Biliary Fistula. Jour. Lab. and Clin, Med., 1921, 
vi, 84. 
P.: The Work of the Digestive Glands. Second English ed, Philadelphia, 


11Pavlov, I, 
Lippincott, 1910, 4-10. 
1Revell, D. G.: The Pancreatic Ducts in the Dog. Am, Jour, Anat., 1901-1902, i, 443-457. 


: 


SOURCES OF ERROR IN DETERMINING THE RESPIRATORY 
QUOTIENT IN THE BABY RESPIRATION APPARATUS* 


By Fritz B. Tausot, AND Margaret E. Moriarty, Boston, Mass. 


Dp the past year we have been making studies at the Massachusetts 
General Hospital of the basal metabolism and respiratory quotient of 
abnormal infants in the Benedict baby respiration apparatus. We have found 
that the respiratory quotient in pathologie cases often shows unexplainable 
variations despite the fact that an absolutely correct aleohol check had been 
obtained. It is the aim of this paper, therefore, to give in detail the possible 
causes of error which are likely to occur in determining the respiratory quo- 
tient. We now feel that with certain experimental conditions under control 
it is possible to determine the true respiratory quotient of the living subject 
for short periods of half an hour, and that such short observations may add 
significant data to pathologie physiology. 

The respiratory quotient is computed by dividing the volume of carbon 
dioxide excreted by the volume of oxygen consumed in a measured period of 
time. The importance of the relationship between oxygen consumption and 
carbon dioxide production was first recognized by Pfliiger. When the respira- 
tory quotient is carefully determined it indicates the character of the material 
being burned up in the body. For instance when carbohydrate is being burned 
the respiratory quotient is unity, that is, for every hundred volumes of carbon 
dioxide excreted, there are one hundred volumes of oxygen absorbed. Thus 
the volume ratio vol. CO, is equal to a respiratory quotient of 1.00. The res- 

vol. O, 
piratory quotient for protein, that is, 81. vols. is .81, and for fat 0.71. In 
100 vols. 

experiments in which the object of the research is to determine the type of 
foodstuff being burned in the body, the respiratory quotient is of special im- 
portance. It is used also in the estimation of the basal metabolism by the 
indirect method since with a respiratory quotient and a known amount of 
earbon dioxide excreted or of oxygen consumed, the number of calories that 
are used in the body may be computed by consulting the table of Zuntz and 
Sechumberg.* 

These investigators found that for a given respiratory quotient one liter 
or one gram of oxygen represented the combustion of a definite number of 
calories. Their table also gives in a similar manner the ealorifie value of ecar- 
bon dioxide. 

Fig. 1 gives the diagram of the Benedict respiration apparatus employed 
in the infant work at the Massachusetts General Hospital. <A detailed descrip- 


*From the Children’s Medical Service, Massachusetts General Hospital. 
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tion of the apparatus may be found in an earlier publication by Benedict and 
Talbot? from which this figure is taken. 

A water jacket forms an air-tight seal about the chamber and minimizes 
the effect of the room temperature on the temperature of the chamber. The 
air is drawn by a rotary pump from the chamber over a wet and dry bulb 
psychrometer, (the humidity indicator). The exhaled water is removed by 
Williams bottles containing sulphurie acid. The dry air then passes through a 
set of soda lime and Williams bottles which absorb all the carbon dioxide, 
and before going back into the chamber, the dry air passes through a distilled 
water bottle to restore a comfortable amount of moisture. During the experi- 
ment enough oxygen is admitted from a tank to maintain a slight excess over 
the amount needed. An expansion or contraction of air is indicated on the 
spirometer. Thermometers register the temperature of the chamber. The at- 
mospherie pressure is read on a barometer in the room. The figures of oxygen 


Fig. 1.—Detailed scheme of respiration apparatus. C, chamber; W, W, water jacket; O, outgoing 
’ P; blower; A, acid trap; B and C, Williams water-absorbers; 


air-pipe; Z, psychrometer; N; Muftler; 

V, and V2, 2-way valves; D; and Deg carbon-dioxide absorbers; E, and Eo, air-dryers; F, sodium 
bicarbonate can; J, by-pass; R, valve; K, air moistener; L, oxygen cylinder; J, ingoing air-pipe;_ S, 
spirometer; 7 and Tes, thermometers; J, manometer; U, spiral spring; H, pneumograph. 


read on the oxygen meter* must be corrected to allow for changes in the vol- 
ume due to temperature, humidity, and barometric variations in the system. 
By noting the increase of weight of the set of carbon dioxide absorbers, the 
weight of carbon dioxide absorbed may be determined. 

At frequent intervals we run an alcohol check to determine the accuracy 
of the apparatus. (For a detailed description of the aleohol check see Pub- 
lication No. 201, Carnegie Institution of Washington, p. 46.) In brief it is 
performed in the following manner: 

A small aleohol lamp is burned in the chamber, the flame consuming 
oxygen as the alcohol burns and giving off carbon dioxide thus producing a 


*The oxygen meter measures the oxygen admitted through it from the large tank, but is not 
shown in the illustration. 
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condition similar to the combustion mechanism of the body in that oxygen is 
consumed and carbon dioxide is given off. If the theoretically correct amount 
of these two gases can be measured in the ease of the aleohol ecombus- 
tion, it is safe to assume that the technic and the apparatus are correct for 
studying the metabolism of the living subject. 

When alcohol combines with oxygen, the following reaction takes place— 
2C,H,OH +30, — 2CO,+3HO,. Since equal volumes of gases at the same 
temperature and pressure contain equal numbers of molecules (Avogadro’s 
law) it is evident from the above equation that three volumes of oxygen ab- 
sorbed produce two volumes of carbon dioxide during an alcohol combustion. 
Hence the respiratory quotient for alcohol is vol. CO, = 2 = .666. So if 


vol. O, 3 
the measured amount of CO, is just % of the volume of oxygen, the aleohol 
check is successful. 

The alcohol check itself is made by lighting the lamp inside the chamber, 
closing the chamber, inserting the thermometers in the openings, and start- 
ing the motor, the air being then set in motion throughout the closed circuit. 
After the usual corrections have been made, the true volume of oxygen used 
during the period is ascertained. The respiratory quotient may then be 
determined by dividing the volume of carbon dioxide by the volume of oxygen. 

The most obvious source of error comes from leaks in the tubing or con- 
nections. A leak into the system will increase the volume of gas in the system 
so that it will appear that oxygen had not been consumed, and consequently 
too little oxygen will be admitted. The figures of used oxygen will then be 
too low while those of carbon dioxide will be correct, and the result will be 
too high a respiratory quotient. A leak-out at any point of high pressure also 
gives an incorrect quotient. To avoid an error of this kind a test for tight- 
ness should be run before each experiment. Another possible gross error 
will result from the use of soda lime bottles no longer able to absorb the ear- 
bon dioxide. A check on this is obtained by running the air, after it has passed 
through the soda lime bottles, through a barium hydrate bottle, a precipitate 
of barium carbonate forming when the soda lime is inefficient. 

We made a study of the factors which could cause variations in the res- 
piratory quotient by burning a small aleohol lamp within the chamber, and 
found, first, that inaccurate results were obtained if the wet bulb became dry, 
as shown in Table I. 

It is important that the linen on the wet bulb thermometer of the psy- 


TABLE I 


THE EFFECT ON THE RESPIRATORY QUOTIENT OF A PSYCHROMETER WHICH DoEs Not 
FUNCTION PROPERLY 


COMMENTS 


TIME R. Q. 


10:37-11:03 -661 Functioning satisfactorily, 
11:03-11:32 .678 Linen moist, 
11:32-12:02 631 Linen drying. 


12 :02-12 :34 .619 Linen dry. 
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chrometer be of the best grade for handkerchiefs,* and that the capillary 
action is good. We have found that a small glass bead sewn to the end of the 
linen is an advantage in preventing folds. 

We have also found that the moisture in the system must be relatively 
constant. Gross changes in the moisture lead to great errors in the results. 
The effect of suddenly diminishing the humidity of the air is shown in 


Table II. 


TABLE II 
THE EFFECT ON THE RESPIRATORY QUOTIENT OF CHANGES OF MOISTURE IN THE SYSTEM 


H,O 
TIME VAPOR HUMIDITY R. Q. COMMENTS 


9:57-10:28 17.0 83% .650 Constant amount of air passing through 

10:28-10:57 16.1 78% .667 moisture bottle. 

10:57-11:28 16.2 78% 674 

11:28-12:02 12.9 59% 572 No air passing through moisture bottle. 
Air dry. 

12 :02-12 :34 13.3 60% .640 Air still dry. Conditions becoming 


readjusted. 


It should be pointed out that in practical work such sudden changes in 
humidity should never occur. The humidity control device or by-pass of the 
moistening bottle, is put on for the purpose of diminishing the humidity that 
sometimes comes after active exercise such as kicking or crying. It requires 
considerable skill to regulate this part of the apparatus. We have found 
it wise to make as little change as is possible in the volume of air passing 
through the moistening bottle, so as to obviate such sudden changes as we 
produced artificially. 

The height of the spirometer at the beginning and end of the period, when 
the readings are taken, is also of importance. The most accurate results are 
obtained when it is low, as shown in Table III. 


TABLE III 


THE EFFECT OF VARYING THE HEIGHT OF THE SPIROMETER BELL, (PERIODS 1% Hour), ON THE 
RESPIRATORY QUOTIENT 


R. Q. COMMENTS 

.652 

661 

-,663 Spirometer bell low at beginning and end of period. 
672 


663 Average 


695 Spirometer bell high at beginning, low at end. 
.673 Spirometer bell low at beginning, high at end. 
644 Spirometer bell high at beginning, low at end. 
.679 Spirometer bell high at beginning, low at end. 
.610 Spirometer bell low at beginning, high at end. 
.622 Spirometer bell high at beginning, low at end. 


654 Average 


*We found the most satisfactory linen was that which had 1200 threads to a yard in the weft 
and 1400 threads to the yard in the warp. 
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Since occasionally it is necessary to end with the spirometer relatively 
high, we have found it essential that the surrounding room temperature should 
be kept from varying. Sudden changes in temperature will cause very great 
errors in the results, due to expansion or contraction of air in the spirometer 
bell, see Table IV. 


TABLE IV 


THE EFFECT ON THE RESPIRATORY QUOTIENT WITH SPIROMETER HIGH AND RooM 
TEMPERATURE VARIED 


TIME R. Q. COMMENTS 
10 :39-10:58 -660 Room temperature varied from 25.0 to 25.8° C. 
10:58-11:31 .600 Room cooled rapidly, temperature dropped to 18.5° C. 
11:31-12:03 446 Continued cooling, temperature dropped to 15.5° C. 
12 :03-12 :37 .624 Room warmed again, temperature rose to 19.8° C. 


Such sudden and marked changes in the room temperature ought, of 
course, never to occur, but they show how change in the temperature will 
cause incorrect figures of the respiratory quotient. As a matter of fact, the 
surrounding room temperature should be kept constant and any accidental 
changes of more than two or three degrees centigrade during a short period 
should eause results to be looked upon with suspicion. 

The results obtained with constant room temperature, constant humidity 
in the system, and the spirometer low when the readings were taken, are shown 
in Table V. 


TABLE V 
OPTIMUM CONDITIONS, (144 Hour PERIODS) 


COMMENTS 


R. Q. 
.670 Moisture constant, room temperature even, spirometer low. 
661 
.665 Average 


SUMMARY 


The factors essential in obtaining a correct respiratory quotient are first, 
and most important, an air-tight apparatus and absolutely accurate technic, and, 
second, all experimental conditions constant. The room temperature should be 
kept constant and the same as that of the chamber. Sudden variation in the 
amount of moisture in the system may result in an unreliable respiratory 
quotient. Variations in these factors are less serious, however, in experiments 
extending over several hours than in shorter periods. It is of importance to 
avoid sudden changes in any of the variable factors. If these precautions are 
taken we feel that very accurate respiratory quotients can be obtained. 

This paper does not take into consideration the expulsion of CO, as de- 
scribed by Fries.2. His work merely emphasizes the fact that respiratory 
quotients obtained for short periods are more open to error than those ob- 
tained from long periods. ° 
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A CASE OF TUBERCULOMA OF THE SPINAL CORD* 


By James J. Warine, M.D., DENVER, CoLorapo 


HE following is the report of a case of pulmonary tuberculosis ecompli- 
eated by prostatic abscess and a macroscopic intramedullary tuberculoma 


of the spinal cord. 

Patient E. 8. P., age twenty-nine, single, by occupation a clerk, presented himself for 
examination August 4, 1916. The family history was important in two particulars only: 
One half-brother died of tuberculosis of the lungs, and another with tumor of the brain, 
Personal History: Up to the age of 15 years this patient had been very well. Remembers 
having measles and whooping cough. Did not have scarlet fever, diphtheria, typhoid fever 
or pneumonia. Has not been subject to tonsillitis or to frequent colds. At about the age 
of 15 years because of a stubborn cold in the winter he took cod liver oil until the spring. 
Had a Neisser infection in 1909 for which proper treatment was given, Denies luetie in- 
fection and all symptoms suggesting the same. 

The first symptoms referable to the lungs were noted in the summer of 1915 when 
he had some pain in the right side with cough and slight fever. Did not have a pleural 
effusion but raised some thick yellow sputum, had a few night sweats, no hemorrhages, and 
considerable lassitude. Tubercle bacilli were found in the sputum July, 1915. He went to 
the Virginia State Sanatorium during the Winter and stayed there until March, 1916, gain- 
ing 24 Ibs. in weight, and not being confined to bed at any time. His average weight during 
the preceding five years was 140 pounds. In July, 1915, at the onset of his lung trouble, 
his weight 124 pounds. At the time he first consulted me, August 4, 1916, his weight was 
135 pounds. The chief complaint at that time was referable to stomach and bowels. He 
had lost 8 pounds during the previous two weeks, had six to eight stools daily without 
Temperature normal, pulse 80, urinalysis normal, sputum showed no tubercle 


pain and fever. 
bacilli. 

Physical examination revealed considerable moisture in the upper lobe on the right side, 
front and back, <A few fine moist rales were heard near the angle of the left scapula 
behind. His right vocal cord was thick, red and showed definite, though very slight, tuber- 
culous infiltration. Under appropriate treatment he gained to 150 pounds in weight, moisture 
diminished considerably in his chest; his general condition was most satisfactory. 

On November 6 he complained of burning pain in the urethra on voiding and a very 
frequent desire to empty the bladder. Examination of the urine showed the faintest pos- 
sible trace of albumin and a considerable number of pus cells. I made a rectal examination 
and found a large fluctuating nodule about the size of a hazel nut in the left lobe of the 
prostate. He was referred to a genitourinary specialist with a diagnosis of prostatic abscess, 
which diagnosis was confirmed, and under treatment the abscess ruptured with a discharge 
of about 2 oz. of pus through the urethra. On November 20 a pure culture of para colon 
bacillus was isolated from this discharge. A vaccine was made and administration begun 
with it immediately thereafter. About this time he complained of weakness, I did not see 
him again until about December 29 when he told me that he was no better and again spoke of 
weakness in his legs. The embarrassment of his locomotor apparatus increased very rapidly. 


*Read before the Medical Society of the City and County of Denver. 
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At this time his subjective symptoms were only increasing weakness of ‘the legs and some 
inability to control their movements. There was no pain in the back, no girdle sensation, 
no intercostal neuralgia, and no paresthetic symptoms further than slight numbness of the 
legs. As long as six months before the onset of the spinal cord symptoms I had noticed his 
rather curious, studied gait, but considered it merely an individual characteristic. It is possible 
that his bowel disturbance at his first visit and his peculiar gait at that time were really early 
signs of pressure in the cord. Early in January this gait was definitely purposeful. His move- 
ments in rising from a chair were calculated and there was noticeable adductor spasm during 
progression and a slight tendency to drag the toes on the right side. The mental condition 
was perfectly clear. The pupils were equal, regular and reacted to light and accommodation. 
There was no ptosis, and no squint. No objective or subjective signs referable to the upper 
extremities or to the upper portion of the body were demonstrable. No fibrillary twitching 
of the muscles was observed and no evidence of paralysis of the abdominal muscles, There 
was marked exaggeration of the left knee jerk, slight left patellar clonus, slight left ankle 
clonus, great spasticity of the adductor muscles on both sides, and marked spasticity of the 
right lower extremity with exaggeration of all reflexes, positive Babinski and Oppenheim 
and Gordon reflexes on the left side and a positive Babinski on the right. The cremasteric 
reflexes and abdominal reflexes were present and active on both sides, An area of diminished 
sensibility to touch, pain and temperature began about two inches above the umbilicus. 
From about the level of the umbilicus on the left there was marked diminished sensibility 
io pain and temperature all the way to the foot. He was unable to distinguish moderate 
degrees of heat and cold and a sharp pin point was felt as a dull sensation. Ordinary 
tactile sensation as demonstrated by touching with a piece of cotton was not diminished 
on the left. On the right there was, from the umbilicus down, slightly diminished sensibility 
to pain, but not by any means to the extent demonstrated on the left. Sensation remained 
practically the same from that date to the time of operation with the exception that he showed 
less dissociation and more marked anesthesia on the left side and the upper level of hypes- 
thesia extended as high as the ensiform cartilage. 

The gravity of the motor symptoms progressed with extraordinary rapidity during the 
last three weeks, the patient losing control of his legs almost entirely. There was slight 
dragging of the toes on the left side, and very marked dragging on the right side and con- 
siderable weakness of the quadriceps extensor group of muscles and even some weakness of 
the flexors of the thigh. Slight motor weakness on the left side. An effort was made to 
locate an upper level of hyperesthesia, but no very clear zone could be determined. Muscle 
sense was unaffected in both lower extremities and there was no loss of the sense of 
vibration, pall-anesthesia of Oppenheim. Wassermann reaction on the blood, January 1, was 
negative. Spinal fluid was withdrawn, pressure being slightly increased, Fluid was color- 
less, not turbid, globulin normal in amount, cell count 4 cells per cubic millimeter, no organ- 
isms found. A Wassermann reaction on the spinal fluid was negative, and the curve of 
the colloidal gold test was normal. 

He was seen in consultation by Dr. George Neuhaus about January 15, the symptoms 
at this time suggesting very strongly syringomyelia. By January 27 he had complete 
paralysis of his. bladder with retention, his bowels moved only with enema, With a view of 
ruling out tuberculosis of the spine I had several x-ray pictures taken by Dr. 8S. B. Childs, 
but there was apparently no disease of the bones, 

In spite of the absence of a history suggesting syphilis, the negative blood Wassermann 
and negative collodial gold reaction, it seemed wise to give him the benefit of antisyphilitic 
treatment. Accordingly I gave him cautiously 1/20 of a grain of bichloride of mereury 
intravenously; in two days gave him 1/10 of a grain, and again in two days 1/5 of a 
grain. Within a few hours after receiving the third dose he had a terrific attack of diarrhea, 
bowels, moving fifteen times or more in the next 24 hours, with considerable blood and 
mucus in the stool, This very intolerance of mereury was the final convincing argument 
against syphilitic infection and from this time lues as an etiologic factor was discarded. 

For good and suificient reasons it seemed wise to send the patient to Baltimore where 
he could meet his brother and be operated on at the Johns Hopkins Hospital. He was referred 
to Dr, Harry Thomas, and in a letter to him dated January 27, 1917, I said: 
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‘*Our opinion is that he has myelitis and we are unwilling to say at this time whether 
it is due to pressure or whether it is an intlammatory condition secondary to his prostatic 
abscess. If it is due to pressure, the most probable cause would be a tuberculous exudate, 
pachymeningitis or abseess—at any rate a tuberculous granuloma.’’ 

Operative Notes.—He was operated on by Dr. George Heuer, whose notes on operation 
T will now quote: 

‘*Incision was made from the 2nd to the 7th thoracic spine. The lamina of the 3rd 
to the 7th spines removed, exposing the cord surrounded by relatively little spinal fluid. 
Over the posterior surface of the cord were numerous small scale-like patches of white 
material less than half a millimeter in diameter. At the level of the 5th thoracic segment 
the cord was distinctly hard on palpation and presented increased vascularity at this point. 
After thoroughly exploring both anterior and posterior surfaces in this region, the cord was 
incised vertically in the midline, exposing a sharply circumscribed tumor about 2 em. long, 
about 4 mm, in width and 2/3 mm. in thickness. It was shelled out by blunt dissection 
without difficulty. The dura was closed tight, and the muscles and skin closed in the usual 


nianner.’’ 
Microscopic examination at this time showed the tumor to be tuberculous. 


Subsequent History—About the middle of April there had been slight improvement in 
his legs and he was at times able to perform very slight voluntary movements. His con- 
dition, however, was practically the same with the bowel, bladder, and sensory condition 
very little changed. He died some four and one-half months after operation. Notes on 
his subsequent history were gathered from reports from his medical attendants in the East. 


General Discussion—In the Annals of Surgery, February, 1917, lxv, p. 269, Dr. Chas. 
A, Elsberg reports a case presented before the Philadelphia Academy of Surgery. This man 
had been operated upon two years previously on account of loss of power in the lower 
extremities, bladder and rectal disturbances, and severe pain in the lower abdomen. The 
arches of the 9th, 10th and 11th dorsal vertebrae were resected. A small tuberculous tumor 
1% x 1 em. was removed from the substances of the cord itself. Posterior root section was 
done three months later to relieve the spastic paraplegia. Great improvement followed with 
recovery of control of the bladder and the ability to walk unsupported. 

Veraguth and Brun? reported another case in which a conglomerate tubercle was removed 
from the substances of the cord. 

In making a diagnosis the following conditions were considered: Some manifestation of 
syphilis, some manifestation of tuberculosis, a benign or a malignant tumor of the spinal 
cord, and a toxic or infectious myelitis secondary to the prostatic abscess, 

For the reasons above stated syphilis was excluded. At first I was inclined to consider 
the condition as inflammatory in nature and secondary to the prostatic abscess. Certainly 
this latter condition was worthy of consideration as an etiologic factor. 

It was immediately apparent in December that there was a spinal lesion of some sort. 
That it was not an ordinary tuberculous meningitis, a basilar meningitis was equally evident. 
There was some rigidity of the spinal column, some muscular spasm throughout the lower 
extremities but weakness without pain. The entire absence of root symptoms such as severe 
pain and paresthesia before the appearance of marked symptoms referable to the cord 
indicated clearly pressure, if pressure at all, from within and not from without. I believe 
it to be a neurological dictum that a painful beginning is most often met with in extra- 
medullary newgrowths. Characteristic of intramedullary pressure were the early motor 
symptoms, muscular weakness with gradual extension from below upwards and sensory dis- 
turbances of the dissociated type. This area of dissociation of sensation was not coincident 
with the entire area of sensory disturbance but almost so, and with the absence of root 
symptoms was, to my mind, an invaluable indication of intramedullary disease. The gradual 
shifting upward of the level, particulary of motor disturbance and partly, though less so, 
of sensory disturbance, was also suggestive of an intramedullary condition. Extramedullary 
growths usually enlarge, I believe, in the transverse direction, although a collection of fluid 
above the growth may give the higher level signs. Intramedullary growths are most common 
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in the cervical and upper dorsal cord and extramedullary growths may be found in any 
part of the spinal cord, but are most frequent in the dorsal region, These considerations, 
naturally, ruled out a spinal complication of Pott’s disease. Further, the characteristic com- 
plaints of pain in the back or in the area of distribution of one of the nerve roots, the 
complaint of a girdle sensation were all absent. Also, there was no deformity. Aside from 
tubereulosis of the arches or the bodies of the vertebrae, tuberculosis may occur in the spinal 
dura mater or in the substance of the cord and even a localized serous meningitis may com- 
»lieate tuberculous bone disease, 
Elsberg! also notes that a chronic edema of the cord over a localized area frequently 
accompanies tuberculous disease of the vertebrae and dura and may be followed by a toxic 
softening of the cord at the affected level and by secondary ascending and descending de- 
ceneration of the fiber tracts. Sometimes there are even marked cord symptoms without 
any characteristic macroscopic cord lesion. Elsberg reports one case with a complete para- 
plegia in which the postmortem exan.ination failed to show any evidence that the cord had 
heen compressed or diseased. Tuberculous disease of the arachnoid and inner surfaces of the 
dura is rare, while tuberculous abscesses and masses of granulation tissue on the outer sur- 
faces of the dura are frequently met. There is often a thick mass of granulation tissue 
adherent to the outer surfaces of the dura. Not so rarely the dura itself is the seat of a 
localized tuberculous pachymeningitis which results in marked thickness so that the cord is 
markedly compressed with symptoms much like those of spinal tumor. Spinal cord symptoms 
in tuberculosis may be due further to compression of the cord through the dura by dis- 
located bone, encapsulated masses of cheesy material or by newly formed bone which causes 
a marked narrowing of the spinal canal. Parenthetically it may be noted that there may be 
marked deformity of the spine from Pott’s disease without any compression of the cord. 

Finally, the existence of tuberculosis of the lungs, the absence of symptoms and 
physical signs and x-ray evidence of Pott’s disease, the preponderating indications of an 
intramedullary condition, all prompted a positive diagnosis of tuberculoma of the spinal 
cord with the possible reservation of a benign tumor of the spinal cord. 

I am indebted to Dr. George Neuhaus for his skilled counsel in consultation and analysis 
of this case. 
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ISOLATION OF TETANUS BACILLI FROM THE CEREBROSPINAL 
FLUID. REPORT OF A CASE* 


By G. R. Lacy, M.D., anp Cecetta Murpock, B.S., Pirrspuren, Pa. 


N TETANUS infections of the human being, it is generally conceded that 
the spores of the bacillus are not transported to other parts of the body, 
but that they remain localized at the point of inoculation, and that the symp- 
toms produced are due to an absorption of the toxin developed at the primary 
foeus. Hochsinger’ and Creite? reported exceptions to this rule, however, 
when they succeeded in isolating tetanus bacilli from heart blood and spleen 
of infected human beings. It was also demonstrated experimentally, by Vail- 
lard,* Tarozzi,* Canfora,® and others that when animals were inoculated sub- 
cutaneously with detoxicated tetanus spores, the spores were readily phago- 
eyted and carried to various parts of the body, where they could lie dormant 
for several weeks. It was shown further, that all that was necessary for the 
development of tetanus in these cases was the production of a simple wound, 
the fracture of a bone, or the introduction of some form of pyogenic bacteria. 
The explanation of this factor probably is that the tetanus spores can exist 
without multiplication in living active tissue where the supply of oxygen is 
normal, but that as soon as the tissue becomes devitalized, as a result of injury, 
and is no longer freely supplied with oxygen, it becomes a favorable field for 
the growth and development of the anaerobic tetanus bacillus. It seems pos- 
sible, therefore, that man may be inoculated with low grade tetanus spores 
which are rapidly phagocyted and earried to distant parts of the body where 
they may lie dormant until some factor arises which will permit them to 
develop. The case which we are reporting may be explained in this manner. 


CASE REPORT 

H. C., colored, laborer, age twenty-four years, was admitted to the Allegheny General 
Hospital July 17, 1920, complaining of enlargement of the scrotum, 

Patient’s mother and grandmother had died of tuberculosis, his family history other- 
wise unimportant. 

Patient had whooping cough when 3 years of age and had pneumonia during the 
summer of 1919, being confined to bed for 2 months, He had had gonorrhea twice within 
the past two years, but denied ever having had lues. His Wassermann test was negative. 
About six weeks previous to entrance into hospital, painless swelling of the testicles was 
noted. This swelling persisted without other symptoms until about four weeks before 
entrance, when erosion of the right side of the scrotum developed. Beginning as a small 
sore, it soon involved the entire right side of the scrotum and a small area on the left. 
When he was admitted to the hospital, real pain was absent, but he complained of a stinging 
sensation at the site of erosion. 

Physical examination showed heart and vessels normal, rhythm regular, a few crackling 
rales in the lungs, abdomen and extremities normal. There was an enlargement of scrotum 
The skin had practically all sloughed from the right side of the scrotum 


and testicles. 


*From Wm. H. Singer Memorial Research Laboratory, Pittsburgh, Pa. 
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and from a small area about the size of a five cent piece on the left side of the scrotum, 
leaving a raw bleeding surface. 

The patient was treated with local applications and given one injection of salvarsan 
during the first three weeks in the hospital. No improvement was noted. Many acid fast 
bacilli were found in a twenty-four hour specimen of urine, July 19, 

August 9, under general anesthetic, the right testicle was removed. The pathologic 
report was tuberculous orchitis and epididymitis. He presented the usual postoperative 
development until August 21, twelve days after operation, when he began to complain of 
severe pains in the back and back of the neck. At this time he was given 10,000 units 
ot tetanus antitoxin subcutaneously. August 22, patient showed well-developed clinical tetanus 
and was given 2 intravenous and one intramuscular injection of 10,000 units of antitoxin, 
making a total of 30,000 units in 24 hours. On the 23rd he was given 2 injections of antitoxin, 
10,000 units each, and on the 24th a similar amount, 

Patient continued in great distress and his condition becoming critical, lumbar puncture 
was done under chloroform anesthesia on the 25th and 10,000 units of antitoxin were admin- 
istered intraspinously. Antitoxin (10,000 units intramuscularly) on the two subsequent days 
failed to give immediate relief of symptoms. At this time, August 27, patient developed 
hypersensitiveness to the serum and such treatment was discontinued. During the course of 
antitoxin treatment, a period of seven days, the patient had received 110,000 units. Sedatives 
were administered to alleviate the severe pain throughout the period of infection. Improvement 
was gradual and uninterrupted from the cessation of serum therapy until the time of com- 
plete recovery and patient was discharged from the hospital September 15, 1920, 

Bacteriologic Findings.—A sample of cerebral spinal fluid was received at the Labora- 
tory, August 25, 1920, with a request for culture for the tetanus bacillus. The fluid was 
practically clear and smears from the sediment of a centrifuged specimen were negative 
for cells and for bacteria. A guinea pig was inoculated with % ec.c. of the centrifuged 
fluid and failed to show any signs of infection during the period of two months’ observation. 

Cultures.—Deep dextrose agar stick, litmus milk, and cooked meat medium were each 
inoculated with the spinal fluid and incubated at 37° C. In 24 hours there was no apparent 
growth, but in 48 hours there were gas bubbles appearing in the dextrose agar stick. Prepara- 
tions of this showed motile gram positive bacilli, In 72 hours these bacilli contained the char- 
acteristic racket-shaped terminal spores. At this time the same type of bacilli was found 
in the meat medium. Anaerobic plates showed pure cultures of tetanus bacilli, 

On August 31, material was obtained from the operative scrotal wound and an attempt 
was made to isolate the tetanus bacillus, The cultures remained negative for tetanus bacilli, 
but contained staphylococcus albus, B. coli communis, and B. Welchii, Taking for granted 
that the operative scrotal wound contained the tetanus bacillus at some time during the 
infection, failure to grow it may have occurred from any one of three causes: first, it is 
possible to have taken the swab from the wound and missed entirely the area containing the 
tetanus bacilli; second, the bacilli may have been in the deeper tissues and been missed by 
the swab from the surface; third, it seems more probable that the patient had been able 
under the antitetaniec treatment to destroy the bacilli since the same methods were used as 
in culturing the spinal fluid. 


Feeling that there might be a question of the identity of the organism iso- 
lated from the cerebral spinal fluid, we did the following animal experiments: 


GUINEA Pic 1.—August 28, 1920, a 200 gram G. P. was injected in the muscles of the 
right hind leg with % ec. of saline suspension of the organisms from the original dextrose 
agar culture. The pig was found dead in the cage 20 hours after inoculation. Autopsy 
showed only an extensive hemorrhagic area at the site of inoculation. Cultures from this 
area contained pure tetanus bacilli. 


GUINEA Pig 2.—August 30, 1920, a 250 gram G. P. was injected in the muscles of the 
right hind leg at 4 P.M. with %4 ¢.e. saline suspension of organisms from the dextrose agar 
stick. At 9 a.m., August 31 there was a complete spastic paralysis of the inoculated leg, 
and some impairment of motion in the other hind leg. The animal was highly nervous, 
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frequently developing typical tetanic convulsions when frightened, At 10:30 A.M. blood was 
taken from the heart with sterile needle and syringe for culture and for injection into another 
Death oceurred during the bleeding. Autopsy showed only a slight amount of 
Grossly the abdominal organs appeared negative. 
Results of the inoculation with the 


animal. 
hemorrhage at the point of inoculation, 
Cultures from the heart’s blood remained negative. 
heart’s blood will be given under the next experiment. 


August 31, 1920, at 10:30 a.M., a 250 gram G, P. was injected in the 


GUINEA 3. 
muscles of the right hind leg with a little less than 2 ¢.c. of heart’s blood from G, P. 2. 


At 4:30 p.m, there was not a definite paralysis but the pig favored the injected leg in walk- 
ing. At 9 A.m., Sept. 1, there was a complete rigid paralysis of the inoculated leg, but 
the other legs seemed uninvolved. Paralysis gradually extended throughout the day so 
that at 3 P.M. there was impairment of motion in the other hind leg also. At this time 
blood was taken from its heart for eulture and for injection into another animal. At 5 
P.M, there was complete paralysis of both hind legs but of less spastic type in the left 
than in the right. At 9 A.M., September 2, the pig was found dead in the cage. At autopsy 
there was a marked rigidity of the right hind leg but very little rigidity of the left and of the 
front legs. Around the point of inoculation there was a slight hemorrhagic condition which 
might have been due to the blood injected. The liver showed an acute hemorrhagic hepatitis. 
Kidneys showed acute tubular and glomerular nephritis, the whole lining epithelium being 
extensively involved. Culture from the heart’s blood remained negative. The other animal 
injected with this pig’s blood did not show any signs of tetanus during 2 months’ observa- 


tion, 


GuINEA Pic 4.—August 30, 1920, a 200 gram G. P. was injected subcutaneously with 
1% «.c. of Mulford’s antitetanie serum. No ill effects observed. On August 31 the same 
pig was inoculated in the muscles of the right hind leg with 4 e¢.c. saline suspension from 
the original dextrose agar. There were no signs of tetanus developed during the period 


of two months’ observation. 
GUINEA Pig 5.—August 31, 1920, a 175 gram G. P. was injected in the muscles of the 
right hind leg with % e¢.c. of saline suspension of the original dextrose agar culture which 
had been boiled for 1 minute just prior to injection. No signs of infection developed during 
the period of 2 months’ observation. 


GUINEA Pic 6.—August 31, 1920, at 4:00 P.M., a 250 gram G. P. was injected sub- 
eutaneously with 1 ¢.c. of Mulford’s antitetanie serum representing approximately 300 units. 
In ten minutes, % c¢.c. of the same culture as used in the other pigs was injected intra- 
muscularly into the right hind leg. At 9 A.m., August 31, there was slight impairment of 
motion in the inoculated leg. The impairment of motion gradually advanced until 1 P.M. 
when the animal was given another 1 ¢.c. of antitoxin subeutaneously. The leg was then 
in a state of complete rigid paralysis. This condition lasted throughout the rest of the 
day and appeared to be even worse on the following day. Sept. 2, the leg was still in extreme 
spastic paralysis but the pig was spry and ate his food readily, Contraction of the muscles 
of the leg continued until Sept. 7, when the rigidity began gradually to disappear. From 
Sept. 10 until Sept. 17 the animal was able to walk slowly on the affected leg. On Sept. 
17 there was a recurrence of symptoms at which time the left hind leg was also somewhat 
involved. Sept. 18, complete loss of control of both hind legs, extreme nervouseness and 
opisthotonus developed. 500 units of antitoxin were given subcutaneously. Pig died during 
the night of Sept. 18. At autopsy the abdominal organs appeared to be normal and all 
cultures were negative for tetanus bacilli, 


DISCUSSION 


Guinea pigs Nos. 1 and 2 reacted exactly as one would expect from non- 
protected animals. The 2 e.c. of heart’s blood of pig No. 2 contained enough 
toxin to cause the death of pig No. 3, but it is evident that the circulating 
blood did not contain tetanus bacilli, since the cultures from both pigs remained 
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negative and the blood from pig No. 3 failed to produce any symptoms when 
injected into another animal. Pig No. 6 showed the delayed production of 
symptoms when antitoxin was given concurrent with the culture, and the 
gradual improvement followed by death 19 days after inoculation, due prob- 
ably to insufficient amount of antitoxin. Pig No. 4 showed the results of im- 
munization previous to inoculation, and pig No. 5 showed that boiling was 
detrimental to the toxin and if the spores were not killed also, that the animal 
was able to render them incapable of producing the disease. 

The cultural findings and the animal inoculations proved conclusively that 
the bacillus isolated was the tetanus bacillus. 

The use of surgical precautions in making the spinal puncture, the re- 
covery of the tetanus bacillus in pure culture, and in considerable numbers, 
as shown by the number of colonies in the agar stick, almost excludes the 
possibility of a contamination of the spinal fluid at the time of collection. 

The way in which the bacilli reached the spinal fluid is not entirely clear 
since it is not known whether the patient became infected with the tetanus 
bacillus shortly prior to his operation, during it, or subsequent to it. There 
was no history of injury which would lead to direct infection of the meninges. 
There was, however, ample opportunity for inoculation prior to operation 
since there had been a large open scrotal wound for many days. The close 
proximity to the anal outlet would make it very easy for inoculation to take 
place from the feces. It would seem that this is the most likely source of 
infection as indicated by the presence of B. coli and B. Welchii in the wound. 
For the bacilli to have reached the spinal canal, there must have been either 
a blood stream infection with the bacilli living and multiplying in the blood, 
or phagocytosis and transportation of the spores to the spinal canal where 
they were deposited and remained dormant until conditions developed favor- 
able for their growth and reproduction. 

Whatever the explanation for its occurrence, we feel that on account of 
the rarity of the case, it should be reported since all teachings have been that 
the tetanus bacillus does not oceur in the cerebrospinal fluid. 

We desire to express our thanks to Dr. James C. Burt for the privilege of 
reporting this case. 
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SOME DIFFERENCES IN RESPONSE TO ATROPINE IN WHITE AND 
COLORED RACES* 


By H. A. Pasxrnp, B.S., M.D., Cutcaao, ILL. 


T is known to pharmacologists that atropine varies in its effect in different 

animals. For example, rabbits and guinea pigs are relatively insusceptible 
to its action. In a study of the action of small doses of atropine in man Me. 
Guigant found that small doses of atropine always cause slowing of the pulse, 
and he also noticed indications of differences in the susceptibility in the white 
and colored patients as evidenced by the action on the vagus center. The pres- 
ent investigation is concerned with that difference. In this study I have com- 
pared the action of small doses of atropine on twenty white and twenty negro 
patients. These patients were about the same weight and were selected from 
the genitourinary wards of the hospital. Their indisposition consisted mainly 
in secondary syphilis, chancre, or gonorrhea. Their temperature was normal 
and for the testing of this drug, they may be considered as normal. I do not 
think there was anything in their condition that would in the least modify the 
action of the drug which conforms to results recorded for normal conditions. 


METHOD 


The method used consisted in the hypodermic injection of atropine sulphate, 
(.2 per cent) 1 ¢.c. of this is equivalent to 0.002 milligram or 1/30 grain. In- 
jections were all made under similar conditions. The patient sat in a chair while 
the observations were made. No bedridden or acute cases were used. The heart- 
rate was observed for some time before the injection and when found to be uni- 
form, injection was made and records kept every five minutes for an hour. The 
twenty men in both groups were approximately the same weight and age. The 
colored men varied from 135 pounds to 175 pounds with an average of 158 
pounds. The age varied from twenty-two years to forty years with an average 
of twenty-eight years. 

The weight of the white men varied from 135 pounds to 172 pounds with 
an average of 152 pounds. The ages of the whites were from 20 years to 54 years 
with an average of 32 years. 

The following three cases of each group are selected as showing the typical 
effect of small doses of atropine on the heart rate. 

In these two typical groups the initial heart rate is practically the same but 
in the colored patients atropine causes no initial slowing of the heart while in 
the whites, initial slowing is marked. The acceleration is practically the same in 
each case. Slowing of the pulse rate is appreciable in the white men in about five 
minutes and reaches the greatest slowing in ten to fifteen minutes. Acceleration 
begins with the dosage used in about thirty minutes, which is about the onset of 


*From the Laboratory of Pharmacology, University of Illinois College of Medicine and Cook 


County Hospital, Chicago. 
tJour. Am. Med. Assn., 1921, Ixxvi, 1338. 
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TABLE I 
TYPICAL CASES, COLORED MALES 


HEART RATE PER MINUTE 
I II Ith 


Normal rate per minute 64 84 76 
Atropine sulphate 
gr. 1/60 injected 
hypodermically. 
After 5 minutes 

10 sé 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 


Greatest slowing of heart rate 
Greatest increase in heart rate 


TABLE IT 
TyPicaAL CASES, WHITE MALES 


HEART RATE PER MINUTE 
I II III 
Normal rate per minute 60 80 72 
Atropine sulphate 


gr. 1/60 injected 

hypodermically. 

After 5 minutes 56 76 68 
48 64 60 
48 76 60 
20 60 84 60 
Ss 60 96 72 
68 92 84 
Ss 72 104 92 
40 80 96 96 
45 76 104 100 
80 100 100 
84 96 100 
60 84 100 104 


Greatest slowing in heart rate 12 16 12 
Greatest increase in heart rate 24 24 32 


acceleration in the negroes. In white patients where 1/30 grain of atropine is 
administered, the slowing is very transient and acceleration quickly develops. 
In negroes 1/120 grain is inactive, on the other hand 1/30 grain may elicit a 
slow pulse where 1/60 grain fails; for these reasons it is apparent that the negro 
is less susceptible than the white man. This lesser susceptibility applies to the 
central effect, or the action on the vagus center only. The peripheral action 
seems to be the same in both classes of patients. 

In a few eases of the negroes, there was some initial slowing, but this was 
slight while in the white cases practically all showed a depression and those that 
did not, apparently were so susceptible that acceleration occurred almost im- 
mediately. The depression in all cases is marked. Tables III and IV show 
this clearly : 
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RESUME 


In the colored patients the average normal heart rate was 78; while atropine 
produced an average of one beat per minute. 

In the white group the normal heart rate was 87; and in these cases atro- 
pine reduced this rate to 77 or an average slowing of 10 beats per minute. 

From the results of our study, therefore, we conclude that the negro is less 
susceptible than the white man, to the central action of atropine. 


LABORATORY METHODS 


A PRELIMINARY REPORT ON A METHOD OF DETERMINING THE 
NUMBER OF COMPLEMENT BINDING UNITS IN SERA GIVING 
POSITIVE WASSERMANN REACTIONS* 


By ArcuipaLp McNem, M.D., New York, N. Y. 


INDING that a large number of sera that give positive Wassermann reac- 

tions, contain many more complement binding units than are necessary 

to give a++++ reaction, the following titration method was devised to enable 

the serologist to ascertain the number of complement binding units present 
in any given serum. 


In the classical Wassermann test the complete binding of two units of 
complement by 0.1 ¢.c. of serum is considered a ++++ reaction. So taking 
0.1 c.c. of serum as a starting point, a series of dilutions is prepared, the dif- 
ference between each succeeding dilution being exactly one plus. 


SET UP OF PITRATION 


Antigen and serum controls 


o2 C.C. 
Antigen 


Complement, 1.0 c.¢. 
Saline to bring total volume of each tube to 


c.c 


of 
1 iné 
cilution 


undilut- 


dilution 


0 
1.0 6.8. is 
Olume of each tu 


oO. 
Complement, 1.0 c.c. 


Saline to bring t 


@ee 


In titrating an unknown serum it is advisable to make a preliminary 
titration using 1 in 10 and 1 in 100 dilutions, employing the same technic as 
in an amboceptor titration and using 0.1 ¢.c. of antigen 1.0 ¢.c. of complement 
as standardized for the regular test, together with the proper antigen and 
serum controls. A rough estimate of the total number of complement binding 


*Received for publication, August 20, 1921. 
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units present may be obtained by this method, saving much time and trouble 
in preparing unnecessary dilutions. 

Shake and place in an ice box for four hours to bind complement. At the 
end of four hours remove from the ice box and add 2.0 ¢.c. of sensitized sheep’s 
cells and place in water-bath at 37° C. and allow to remain for fifteen min- 
utes after antigen and serum controls show complete hemolysis. Place in 
ice box and make reading at the end of twelve hours. The reading is made 
on the tube containing the least amount of serum that shows complete inhi- 
bition of hemolysis. Thus if the tube containing .4 ¢.c. of a 1 in 5 dilution of 
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2 | 0.4 
3 |o.s- 
|///0/2/|a.8 | 0-6 
10.6 


Chart I. 


serum shows complete inhibition of hemolysis and the tube containing .4 c.c. 
of a 1 in 6 dilution shows slight hemolysis the reading will be 5+. 

At first an attempt was made to make readings fifteen minutes after the 
controls showed complete hemolysis at 37° C. in the water-bath, by centri- 
fuging the tubes. But it was found that a considerable variation occurred 
in the readings of a series of titrations on the same serum with different hem- 
olytie systems; while if the readings were made after a period of twelve 
hours in the ice box, they were practically the same in all the titrations. 


REAGENTS 
The most satisfactory results have thus far been obtained by using such 


a dilution of amboceptor, that 1.0 ¢.c. will contain five Bordet units. 
\ 
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Complement in a 1 to 30 dilution is titrated against 2.0 c.c. of sensitized 


7 sheep cells and the reading made after the titration has remained in the 
h water-bath at 37° C. for one half hour, and the dilution of complement is so 
7 adjusted that 1.0 ¢.c. will contain two units of complement. Antigen is used 

_ in the same dilution and amount as in the routine Wassermann test, and of 

F course it is necessary to use the same antigen in a constant dilution through- 

de out any given series of titrations. 

i Chart I is used to record the results of titrations for the benefit of the 

of elinician. 

HIsToRY AND TREATMENT OF CASE SHOWN ON CHART 1.—Male, 37 years old. Married. 

Patient while shaving with a borrowed razor, one and one-half years ago, cut his left 

" check and abéut two weeks later a chanecre developed on the site of the wound; 
this was followed in due time by general secondary manifestations. (The owner of the 
razor was suffering from an active and untreated syphilis.) 

Physical Examination.—Syphilitie Manifestations as above described. Patient well 

7 nourished; heart, lungs, kidneys and eyes normal. No symptoms referable to cord. Was- 
serman 25+, 

Treatment.—On December 21 and 28, 1920, and January 3, 10, and 17, 1921, arseno- 
benzol was administered and on December 24 and 31, 1920, and January 6, 1921, injections 
of salicylate of mereury were given. On December 31, 1920, and January 3, 1921, the 
Wassermann was 14+, on January 10 it was 8+ and 6+ on January 17. On December 31, 
1920. all visible manifestations of syphilis had disappeared and the patient had gained 
16 pounds. 

Unfortunately there is no further record of this case as business has obliged the 
patient to move to a distant part of the country where he has been advised to continue 
the above treatment. 

(Signed) J. R. Hayden. 
Date of Wassern pon Test 
= = WV ov ON 
ze Se Ze se 
/ 
2 44 
4 2+ 
0.6 + 
6 064) + 
7 12/2/214.8 | os 
10 18/3 /2N&B 
d Chart IT. 
1- 
e HISTORY AND TREATMENT OF CASE SHOWN ON CHART No, 2.—Male thirty years old, 
single. Penile chancre in October, 1911. 
Physical Examination.—Patient well nourished. Reflexes, eyes, heart, and lungs normal. 
On December 15, 1911, the Wassermann was positive and on the 18th, general secondary 
h manifestations appeared. 


Treatment.—The regular inunction treatment with 50 per cent mercurial ointment 


ide 
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was ordered and on December 30, the secondary manifestations had practically disap- 
Beginning January 7, 1912, potassium iodide was administered in conjunction 
with the inunctions. On February 27 and November 18, 1913, Wassermann tests were 
made with negative results. By February 8, 1914, the patient had received 209 rub- 
bings with mercurial ointment. On May 20, 1914, the Wassermann was weakly posi- 
tive and on May 25, June 23, 29, and July 7, and 20 neosalvarsan was administered. 
Wassermanns taken on June 9 and September 21 were both negative. By February 21, 
1916, the patient had received 264 rubbings in conjunction with the administration of 
iodide of potassium. At this time no manifestations of the disease were present and on 
May 19, August 3, and December 28 the Wassermann was negative. For about five 
years no antisyphilitic treatment was given and negative Wassermanns were obtained 
June 29, 1917, and November 29, 1919. 

On December 7, 1920 the Wassermann was 5+ and on December 20 and 28, 1920 and 
on January 3, 10, 19, and 26 and on February 2, 12, 23 and March 3, 1921, arseno- 
benzol was administered in conjunction with injections of salicylate of mercury on 
December 23 and 30 1920 and January 7, 14, 22 and 31 and February 7, 15 and 28. On 
December 29, 1920 the Wassermann was 3+ and on January 4 and 11, 1921, plus-minus, and 
on January 19 the report was ‘‘delayed negative.’’ On February 2 the Wassermann was a 
plus-minus and on February 23 a delayed negative, and on February 14, 23, and March 
3, negative. No further medication has been given and the patient is in fine mental 
and physical condition at the present time. 


peared. 


Date of Ressermann Test, — 
~ ~ ~ ~ ~ 
2 we ay | 4+ 
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Chart IIT, 


HIisToRY AND TREATMENT OF CASE SHOWN ON CHART No. 3. Sex, male. Age thirty- 
six. Chanere March, 1918. Two weeks after the appearance of the chancre the Was- 
sermann was positive, but there were no secondary lesions. One injection of salvarsan 
was given at this time. In July, 1918, the Wassermann was positive and injections of 
salvarsan were given on July 9, 19, and 26 and on August 2 and 26. The Wassermann 
remained positive after this course of treatment which was accompanied by ten injec- 
tions of mercury. 

During his next vacation in 1919 he received injections of salvarsan on July 8, 
18, and 23, and August 6, 18, 29, and November 8. The Wassermann remained positive 
throughout, with the exception of one taken on August 28, which was reported ‘‘nega- 
tive.’’ During 1919 following a violent reaction to a salvasan injection he developed a 
tubereulo-squamous syphilide on the back of the hand and wrist, on the forearm, and 
on the sacrum. These lesions which have persisted to the present time, are all small 
and discreet, but distinctly squamous syphilitic infiltration. 

In 1920 he received salvarsan on July 20, 22, and 24 and on August 3, 10, 16, and 
25. With these treatments he received six injections of mercury. It is believed that all 
the injections of salvarsan were 0.5 or 0.6 grams. 
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In March, 1921, physical examination failed to reveal any abnormalities of the re- 
flexes, or suggestion of any other lesion of the nervous system, beyond a blood pressure 
of 145 systolic and a slight murmur over the aortic region suggesting a possible sclerosis 


there. 
On March 29 and 31 and April 4, intramuscular injections of 2.0 grains of bi- 
chloride of mereury in oil were given and on April 9, 15, 19, and 25 arsphenamine (Metz) 


was given in 0.6 gram doses. 

During the administration of mercury the external lesions were uninfluenced and the 
Wassermann remained substantially stationary at from two- to three-plus. During the ad- 
ministration of salvarsan the Wassermann rose to five-plus and the skin lesions were unin- 


fluenced. 

On May 2, 1921, the administration of silver salvarsan was begun. The first dose was 
0.1 gram and a week later 0.15 gram was given and so increasing until 0.25 gram was given 
in the fourth dose on May 21. During this period the Wassermann fell to a plus-minus re- 
action and the skin lesions were markedly improved, far better the patient said than at 
any time since their first appearance. The patient was obliged to leave town at this time 
and has not been under observation since. This influence of silver salvarsan should not be 
regarded as an essential quality of the drug. It might presumably have been that the tre- 
ponemata in this case were susceptible to silver salvarsan and not to some other drug. 

From March 29 to April 11, 1921, blood specimens were taken for the Wassermann test 
daily and from that time until May 21, they were taken at frequent intervals. 

(Signed) Edward L. Keyes, Jr. 


In cases where there are a large number of complement binding units 
present in the blood when treatment is begun, the regular Wassermann test 
may show continuously ++++ reactions for a period of weeks or even months, 
whereas the titration method may show a continuous decrease in the number 
of complement binding units as the treatment progresses and the patient does 
not become discouraged and either discontinue treatment altogether or drift 
from one physician to another as so often happens. 

In a more detailed report on the titration method of performing the 
Wassermann test, a special study will be made of the so-called ‘‘ Wassermann 
fast’’ cases, with regard to the possibility that they are in the majority of 
instances, simply cases in which the treponemata are immune to the drug or 
drugs that have been administered for a considerable period of time. 

Experimental work is at present being carried on to see whether it is 
possible by the titration method to determine when the treponemata in any 
given case have become immune to a certain drug or drugs and when a 
change in treatment is indicated. 

Another interesting study that is being carried out by the titration 
method, is to determine the number of hours in which a single dose of the 
various drugs that are used in the treatment of lues will show their maximum 
effect on the Wassermann reaction. 

I wish to thank Doctors James R. Hayden and Edward L. Keyes, Jr., 
who have kindly supplied the clinical data from which the charts were pre- 
pared. 
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A RAPID METHOD OF PREPARING TISSUES FOR MICROSCOPIC 
EXAMINATION* 


By Herman D. MEtton, RicHMonp, Va. 


T IS often desirable to prepare tissues for microscopic examination with 

as little delay as possible. Of course, the frozen section method is the most 
rapid available, enabling a diagnosis to be made during the operation. This 
method, however, often leaves much to be desired in the clearness of the see- 
tions; so serious a disadvantage in certain instances as to render accurate diag- 
nosis difficult or impossible. For several years, | have been engaged in the at- 
tempt to devise a method which will approach the frozen-section method in speed, 
but, by means of which, more satisfactory sections could be obtained. As a re- 
sult of these efforts, the following procedure has been devised. 

If the tissue to be examined is fresh, it is cut into small blocks, about 
5 mm. One or more of the blocks is covered with 4 per cent formaldehyde con- 
tained in a test tube, and the solution boiled over the free flame for 3 minutes. 
The formaldehyde is poured off and the block covered with tap water. The 
water is boiled over the free flame for 1 minute; poured off; fresh water added; 
and the boiling repeated twice. In all, three changes of water are used with 
the 1 minute interval of boiling in each case. If the tissue has already been fixed 
in formaldehyde, the preliminary boiling in formaldehyde is unnecessary; the 
block being put directly in water and boiled as directed. 

After pouring off the last change of water, the block is covered with 95 
per cent alcohol. The test tube is cautiously introduced into the free flame and 
the aleohol boiled 3 minutes; two additional changes of alcohol being used, 
with the 3 minute period of boiling, just as was the case with the water. It is 
essential that thorough dehydration be effected by this step. That this is ae- 
complished, can be determined only by experience, one being led to this con- 
clusion by the appearance of the tissue. 

The block is then covered with absolute aleohol, contained in a wide mouth 
bottle of suitable size which must be hermetically stoppered. The tightly sealed 
container is kept at 55° C. for % to 1 hour, depending on the size of the block. 

Next, the block is placed in a solution of ecelloidin in ether and alcohol. 
The percentage of the celloidin is 6.5; of ether, 60; of aleohol, 40. It is essen- 
tial that the container be hermetically sealed, and it is my practice to wire the 


stopper in. If the stopper should blow out in this step, the preparation will 


fail. The container is heated in the bath at 55° C. for % to 1 hour. 

At the end of the required time, the container is removed from the bath 
and placed on ice in order to lower the temperature rapidly. It is necessary 
that the temperature of the block be the same as that of the room preliminary 


*From the Laboratory of Clinical Pathology, Medical College of Virginia. 
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to the next step; if the temperature be above that of the room, the celloidin does 
not infiltrate properly, if it be below that of the room, bubbles are apt to form in 
the interior of the block. When the proper temperature has been attained, as 
determined by a thermometer, the block is mounted and allowed to dry in the 
open air for 5 to 8 minutes. 

Immerse in chloroform 20 to 40 minutes and section. 

By means of this method, sections may be obtained in from 4 to 5 hours. 
Obviously, this is a much longer time than is required for the preparation of 


tissue by the frozen-section method; so that it is not my intention to propose 
this method as a substitute for the frozen-section method in all cases. When, 
however, the added time is not prohibitive, the use of this method will enabie the 
preparation of sections which are fully as good as those which are prepared 
by the much more time-consuming and elaborate technic which is generally em- 
ployed in eases where the frozen-section preparations are unsatisfactory. 

Fig. 1 illustrates the character of the sections that may be obtained by this 
method; the specimen being an osteosarcoma of the breast under high power. 
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EDITORIALS 


Botulism 


HIS review covers three recent contributions to the subject of Botulism. 
Orr’ confines his statements to the temperatures necessary to destroy the 
toxin. He employed ten strains of B. botulinus. The toxins were prepared as 
follows: Into flasks there were poured 500 e¢.c. of a one per cent dextrose 
bouillon culture, to which was added 50 grams each of finely minced beef 
heart and marble chips. After stratification with a half-inch layer of paraffine 
oil these bottles were sterilized and inoculated with the several strains. After 
inoculation the flasks were incubated at 37° C. for three weeks. They were 
then filtered through Mandler diatomaceous filters and the sterile filtrates 
were tested for their potency. The test animals consisted of white mice weigh- 
ing about 20 grams. The different strains furnished toxins, the minimum 
lethal dose of which varied from 0.0001 ¢.c. to 0.05 ¢.c. At 72° C., the toxins 
were destroyed after ten minutes; at 80° C., the seven most potent toxins 
were destroyed only after two minutes, while the three weaker toxins were 
rendered inert within thirty seconds. Orr states his conclusions as fol- 
lows: ‘‘(1) The toxins produced by ten different strains of Bacillus botulinus 
were found to be comparatively thermolabile. At 80° C. they are destroyed 
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within from thirty seconds to five minutes, at 72° C. within from two to eigh- 
teen minutes and at 65° C. within from ten to eighty-five minutes. (2) The 
heating of any food material to the boiling point will destroy all traces of 
botulinus toxin which might be present. (3) The average temperature co- 
eflicient of the destruction of the toxins on increasing the temperature from 
65° to 72° C., was found to be 5.2, while on increasing the temperature from 
72° to 80° C. the average temperature coefficient was 4.2. (4) A grouping 
or classification of the toxins studied can scarcely be made on the basis of 
their resistance to heat, however the toxin produced by strain eleven (Nevin) 
is apparently much more resistant than any of the other toxins.”’ 


The paper by Burke, Elder and Pischel? is devoted to the treatment of 
botulism. These investigators have made quite an extensive study both of 
specifie and nonspecific treatment in this disease, and in doing so they have 
endeavored to adapt their experimental tests to natural conditions. Before 
going into their work in regard to treatment, it will be of interest to note their 
conclusions concerning the temperature necessary for the destruction of the 
toxin and also the possibility of infection with this organism. Their state- 
ments on these points are condensed as follows: ‘‘(1) Spoiled foods contain- 
ing gas may appear to be boiling for several minutes before the true boiling 
point is reached. We recommend that all suspected food be subjected to 
vigorous boiling for at least thirty minutes before being tasted. (2) Spoiled 
eanned foods giving the appearance of boiling for seven minutes and subjected 
to actual boiling for four minutes are not safe to eat. Spoiled canned foods 
exposed to a temperature of 80° C. for one hour may appear to be boiling 
part of the time and not be safe to eat. (3) We may expect to have outbreaks 
of botulism following the eating of insufficiently cooked spoiled foods. (4) 
The heat resistance of the, disease-producing power of different kinds of 
spoiled canned foods containing B. botulinus and its toxins has not been de- 
termined and probably will be found to vary. (5) There have been no recorded 
outbreaks of botulism in this country without a history of preserved foods 
having been eaten. (6) There is no evidence that infection in man ever 
follows the ingestion of toxin-free organisms of B. botulinus. (7) There 
is no evidence that infection in man ever follows the ingestion of the toxin 
and organisms of B. botulinus. (8) Botulism does not result from the in- 
gestion of small numbers of toxin—free spores.’’ 

In their experimental work on nonspecific treatment, these investigators 
find that there are several substances which modify and diminish the action of 
the toxin. Some of these have a neutralizing or destructive action on the 
toxin. In this group are sodium hydroxid, liquid soap, and potassium per- 
manganate. However, none of these can, at present at least, be used in the 
treatment of botulism for two very good reasons. In the first place, botulism 
is not recognized until the toxin has been absorbed and has already begun 
to manifest its harmful effects upon the system. There is no reason for suppos- 
ing that these agents have any destructive action on the toxin after its absorp- 
tion. In the second place, all of these agents, in the quantity necessary to neu- 
tralize the toxin, even in the stomach, would be in and of themselves harm- 
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ful. There are other substances, especially fats, such as olive oil, which af- 
ford a certain amount of protection against the toxin in experiments upon 
animals. The authors conclude that this protection is limited and that it is 
largely, possibly wholly, due to a slowing down of the rate of absorption of 
the toxin. These investigators appear to be hopeful and think it possible 
that further research may lead to the discovery of some beneficial nonspecitic 
agent. Early students of botulism learned that, while the toxin may remain 
in the stomach for a long time, it is not altogether safe to try to empty thie 
stomach, either by the administration of emeties or by the employment of a 
tube. The death rate among those who vomit has generally been observed to 
be greater than among those who do not vomit, the difference being about five 
per cent. Vomiting, therefore, is not regarded as a favorable symptom in 
botulism, and this is true whether the vomiting be natural or be artificially 
induced. In either case there is, on account of paralysis of the pharyngeal 
nerves, great danger of aspiration-pneumonia. It is suggested that a two per 
cent argyrol gargle might be used, but even this is, in our opinion, questionable 
advice. In Europe, pilocarpin has been employed in order to remove the 
thick, ropy mucus which accumulates in the trachea and in the throat, but 
this drug must be handled in botulism with so much eare that we doubt very 
seriously its employment at all. It has been known to cause an accumulation 
of fluid from which pulmonary edema and death resulted. Strychnin was 
employed for its supposed effects upon the nervous system long before the 
discovery of the toxin, but, so far as we know, there is no evidence that it is 
of any value. Catharties have but little effect, because the obstinate con- 
stipation which is characteristic of this disease, is due to paralysis of the walls 
of the intestines. The death rate from botulism in this country so far has 
been higher than in Germany. Whether this is due to a weaker strain in 
Europe or to some other cause, no one has been able to determine. The state- 
ment has been made that the toxin of botulinus is neutralized when brought 
into contact with nerve tissue. The California investigators studied this and 
state their results as follows: ‘Certain food substances, such as glucose, brain 
tissue, milk, eggs and gelatin do not neutralize the toxin of B. botulinus and 
do not protect as effectively as olive oil against the action of the toxin in sub- 
cutaneous injections.’’ In studying the outbreak at Canton, Ohio, it was re- 
ported by Armstrong, Story and Seott that some of the guests at the fatal 
meal had been partaking of whiskey before dining and that these were less 
seriously affected than those who had not had a drink. The California in- 
vestigators, experimenting upon rabbits, found that aleohol had no protective 
action. 

In regard to specific treatment, these authors make the following state- 
ment: ‘‘Sinee there are at least two distinet toxins, and there is no rapid 
means of determining the type, it is necessary to use a polyvalent antitoxin or 
a Type A and a Type B antitoxin, and since there is a possibility that B. 
botulinus occasionally produces its toxin in the body, the immune serum 
should be bacteriolytie or bactericidal as well as antitoxic. The serum should 
be injected intravenously. The immune serum to be beneficial must be used 
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as soon as possible after the diagnosis is made. In all eases of doubtful diag- 
nosis, all those having partaken of the suspected meal should receive im- 
mediately antitoxin treatment. The antitoxin can only neutralize the toxin 
aid prevent further injury. It is of no value to the already damaged nervous 
system. The evidence we have indicates that treatment begun after the symp- 
toms are well advanced will not, in most cases, alter the course of the disease. 
3ut we have sufficient experimental evidence to believe that some of those 
receiving lethal amounts of toxin can be saved by the use of antitoxin if the 
treatment is begun at about or before the time the symptoms appear.’’ 


While it is barely possible that a successful, or at least a beneficial, non- 
specifie treatment may be discovered, the greatest promise apparently lies in 
the hope of the development of a more effective antitoxin and that provision 
be made for the wider distribution among health officials of the serum in 
order that the delay in getting it after the disease has been recognized may be 
ereatly shortened. 


Nevin was the first in this country to detect and isolate B. botulinus. She 
found this organism in home prepared cottage cheese and made a preliminary 
report on this finding to the American Public Health Association in September, 
1915. Just recently, she has gone into this report more in detail. Since 1915 
it has been demonstrated that B. botulinus will grow and produce its toxin 
not only in meat preparations, but in fruits and vegetables. So far as we 
know, Nevin’s report is the only one in which B. botulinus and its poison has 
been found in cheese, and it must be remembered that in this case it was 
found in eottage cheese. No one, so far as we know, has ever reported B. 
botulinus in hard cheese or in the fromages so abundantly made and con- 
sumed both in Europe and in this country. It is worthy of note that in the 
long continued studies of sausage poisoning in Germany during the nineteenth 
century, a clear cut distinction was invariably made between botulism and 
other forms of food poisoning. Miiller collected the literature bearing on one 
hundred eases of cheese poisoning and pointed out how this differs from 
sausage poisoning. He wrote that in cheese poisoning the duration of the 
disease is short and in the majority of instances there is complete recovery 
even without medical help within from eight to ten hours. In rare instances 
the untoward symptoms may continue for twenty-four hours, but death from 
cheese poisoning is exceedingly rare, Miiller finding only one case and that 
of a child two years of age. In cheese poisoning the symptoms are practically 
confined to the gastrointestinal tract, purging is present in nearly every case 
and obstinate constipation is seldom or never seen. The period of incubation 
is short and paralytic symptoms are never in evidence. Double vision rarely 
appears and Ptosis palpebrarum never occurs. 

The distinetive differences between poisoning with putrefactive products 
and botulism were formulated many years ago, and with some modifications 
are presented herewith, with the hope that they may aid the physician in mak- 
ing an early diagnosis and in distinguishing between botulism and other food 
poisoning: 
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POISONING WITH PUTREFACTIVE PRODUCTS 

(1) Period of incubation is usually from 
two to four hours. 

(2) Burning in throat and stomach rare. 


(3) Dryness and redness of mouth rare. 


(4) Constipation never. 


(5) Always purging. 
(6) Difficult respiration rare. 


(7) Voice rarely affected. 

(8) Croupous cough never. 

(9) Pulse weak, scarcely perceptible, and 
frequently rapid (100 to 140). 

(10) Heart beat hastened, otherwise not 
changed. 

(11) Sensorium often cloudy; delirium and 
sopor. 

(12) No paralytic symptoms, 

(13) The motility of the tongue is not dis- 
turbed. 


(14) Speech not disturbed. 

(15) No difficulty in swallowing, or but sel- 
dom, 

(16) In no ease is there ptosis of the upper 
eyelids, 

(17) Amblyopia very rare. 

(18) Double vision very rare, 

(19) Dilatation of the pupils not rare, 

(20) Ringing in the ears frequent. 

(21) The motility of the extremities not 

disturbed. 


1Jour. Med. Res., 1921, xlii, 127. 
2Arch, Int. Med., 1921, xxvii, 265. 
3Jour. Infect. Dis., 1921, xxviii, 226. 
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(1) Period of incubation is usually from 
twelve to twenty-four hours. 

(2) Burning in throat and stomach fre- 
quent. 

(3) Dryness and redness of mouth con- 
stant. 

(4) Constipation always (although ocea- 
sionally preceded by temporary diar- 
rhea). 

(5) Purging absent or present only in be- 
ginning. 

(6) Difficult respiration frequently ob- 
served, 

(7) Voice frequently affected, 

(8) Croupous cough very often. 

(9) Pulse weak, scarcely per¢eptible, often 
slow (50 to 60). 

(10) Heart beat often not perceptible, fre- 
quently slow. 

(11) Sensorium always clear even to death. 


(12) Paralytic symptoms frequent. 

(13) The motility of the tongue is often dis- 
turbed and movements of the tongue 
are difficult. 

(14) Speech frequently disturbed. 

(15) Difficulty in swallowing frequent. 


(16) Ptosis of the upper eyelids is common. 


(17) Amblyopia very frequent. 

(18) Double vision very frequent. 

(19) Dilatation of the pupils very frequent. 
(20) Ringing in the ears rare. 

(21) The motility of the extremities greatly 
weakened. 


Another German Cure for Tuberculosis 


T THE meeting of the International Medical Congress in Berlin in 1890, 
Robert Koch, the discoverer of the tubercle bacillus, made the sensational 
announcement that he had found ‘‘a substance which when injected into a 
guinea pig renders this animal insusceptible to inoculation of the tuberculosis 
virus. The same substance in guinea pigs already afflicted with advanced and 
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generalized tuberculosis, brings about a complete arrest of the development 
of the disease, although the animal organism does not suffer the least harmful 
effect under the influence of the remedy.’’ 

This announcement threw the whole world, both lay and medical, into a 
state of violent exaltation. Specialists in the treatment and cure of this dis- 
ease flocked to Berlin and jostled one another in their efforts to secure this 
remedy, more precious than gold. Fabulous sums were offered for this new 
elixir of life. Patients on their death beds in distant parts of the earth sent 
messengers to Berlin to secure the magic remedy. For months Koch gave 
no definite information concerning this wonderful preparation. He disclosed 
neither its source nor its chemical composition. Finally in January, 1901, he 
made the following statement: ‘‘The remedy with which we aimed to cure 
tuberculosis is a glycerin extract of pure cultures of tubercle bacilli.’’ 

Later it was found that Koch’s tubereulin was a concentrated glycerin 
bouillon culture from which the unbroken bacilli had been removed by filtra- 
tion. Thirty years have elapsed since Koch made his remarkable statement to 
the Medical Congress at Berlin. No evidence has been secured during these 
years which gives any adequate justification of the claims that he made at 
that time. Koch’s announcement was made in August, 1890. In November 
of the same year, Trudeau published in the Medical Record, protocols show- 
ing that he had used dead tubercle bacilli and filtered and sterilized cultures 
of tuberele bacilli in attempts to immunize animals and that his results had 
been uniformly negative; in other words, at the time Koch made his announce- 
ment, Trudeau, from his little laboratory at Saranac, announced to the world 
the failure of tubereulin to immunize animals. 

In 1913 Dr. Friedrich Franz Friedmann came to New York, took up his 
residence at the Waldorf-Astoria, and announced that he was prepared to 
cure tuberculosis. Again there was great excitement, and this distinguished 
German savant exchanged his turtle tubercle bacilli for American gold. There 
is no evidence, so far as we know, that his treatment did any patient positive 
and lasting good. Fortunately, in 1913 the American people were not so 
easily stampeded as they were in 1891. The American Congress had, in 1902, 
enacted a law providing for the supervision of the preparation and sale of 
viruses, serums, and toxins in interstate traffic. This Act, in part, reads as fol- 
lows: ‘‘No person shall sell, barter, or exchange, or offer for sale, barter, or 
exchange in the District of Columbia, or send, carry, or bring for sale, barter, or 
exchange from any state, territory, or the District of Columbia into any state, 
territory, or the District of Columbia, or from any foreign country into the 
United States, * * * any virus, therapeutic serum, toxin, antitoxin, or 
analogous product,applicable to the prevention and cure of diseases of man, 
unless (a) such virus, serum, toxin, antitoxin, or product has been propagated 
and prepared at an establishment holding unsuspended and unrevoked license, 
issued by the Secretary of the Treasury as hereinafter authorized, ete.’’ 

Notwithstanding the rigidity of this law, every courtesy was extended to 
Dr. Friedmann and he was asked to make known the nature, the preparation 
and the physiologic or curative action of his new product. On the receipt of 
this request, Dr. Friedmann promised to supply a representative of the U. S. 
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Public Health Service a culture of this organism, but he stated that it would 
be of no use to the officer or to any one else for a proper study unless the 
person receiving it had been instructed by him during a period of from six to 
eight weeks as to its proper manner of preparation and use. He further stated 
that he would permit an investigation, but that the person charged with it 
should have a training under him. In due time the Surgeon General of the 
U. S. Public Health Service obtained samples of Dr. Friedmann’s preparation, 
a thorough investigation of his claims was made, and finally reported upon by 
the Surgeon General.t The conclusions reached by the commission of the 
Publie Health Service are stated as follows: ‘‘The claims made by Dr. Fried- 
mann for his method of treating tubercular infections are, in brief, that, by 
means of injections of a living acid-fast organism, harmless of itself, he is able 
to cure cases of tuberculosis, pulmonary or otherwise, which have not already 
advanced to that hopeless stage where death is imminent. From the manner 
of presenting these claims and from the fact that successes only and not fail- 
ures are reported, the reader of these claims is bound to assume that such 
results are the rule; in other words, that a sovereign remedy for tuberculosis 
has at length been discovered and incidentally that a method has been devised 
for the administration of living acid-fast organisms which avoids abscess 
formation, a complication which has hitherto limited their employment. 

‘*The results of the investigation here reported do not confirm the claims 
made by Dr. Friedmann. We find, in brief, that the preparation used by him 
is not strictly devoid of dangerous properties of itself, still less so when in- 
jected into tuberculous subjects; that the favorable influencing of tuberculosis 
processes by his method is certainly not the rule, and that if we are to ascribe 
to the Friedmann treatment the improvement noted in a few cases, we are 
equally bound to impute to it the serious retrogression observed in other 
eases; and finally that the phenomenon of abscess formation has not been 
avoided by Dr. Friedmann’s methods. 

‘‘We find that the organism used by Dr. Friedmann differs in important 
cultural characteristics from any heretofore recognized tubercle bacillus. 

‘‘The subeutaneous and intramuscular inoculation of animals with the 
Friedmann organism caused the formation of abscess in over twenty-five per 
cent of the animals treated. 

‘‘The treatment of animals with the Friedmann organism—rabbits and 
guinea pigs—either before or subsequent to infection with virulent tubercle 
bacilli, is followed, as a rule by an increased susceptibility to the disease. 

‘‘Tnoeulation of monkeys with the Friedmann culture did not show either 
curative or protective action in those animals against tuberculosis. 

‘“‘The claim of Dr. F. F. Friedmann to have originated a specific cure for 
tubereulosis is not substantiated by our investigation. 

‘““The claim of Dr. F. F. Friedmann that the inoculation of persons and 
animals with his organism is without harmful possibilities is disproved.’’ 

A few days ago we received a little book,? which we have read from cover 


1The Friedmann Treatment for Tuberculosis, Hygienic Laboratory Bulletin No. 99, October, 1914. 
“Tuberculosis of Children, Its Diagnosis and Treatment, by Professor Dr. Hanz Much, Director of 
the Department for the Science of Immunity and for the Research of Tuberculosis at the University of 
Hamburg, Germany: translated by Dr. Max Rothschild, Medical Director of the California Sanatorium for 
the Treatment of Tuberculosis, San Francisco and Belmont, Calif., New York, Macmillan Company, 1921. 
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to cover with much interest. The translator says: ‘‘The skeptical attitude of 
the medical world respecting new discoveries relating to the treatment of tuber- 
culosis, is, in a sense, justified by the many disappointments which have been 
experienced during the last twenty years.’’ Then the translator goes on to 
say that when a method is presented and supported by authentic research we 
should lay aside our prejudices long enough for a fair and unbiased consid- 
eration. 

The name of the distinguished German author is well known, especially 
io students of tuberculosis. The first chapters are semipopular, pleasingly 
written, and on the whole, truthful. We recall the shades of Pasteur when 
our author informs us that the discovery that the anthrax bacillus may be 
reduced in virulence and used as a vaccine, was made by Behring. Much goes 
on to tell us why Koch’s tuberculin and Friedmann’s bacillus failed to cure 
tubereulosis. Then the real kernel in the book comes out, and we are in- 
formed: ‘‘With the aid of these deductions and proofs we have been able to 
locate the real origin of tuberculosis and to wage our fight in its greatest 
stronghold, childhood.’’ After reading such quotations as the above, we turn 
each new page with tremulous expectation. We expect to find an exact 
scientifie description of the curative agent which is to free childhood of the 
burden imposed upon it by tuberculosis. We find, however, that we must 
content ourselves with the statement that the wonderful discovery consists 
of ‘‘partigens,’’ which means partial antigens. How these partigens are pre- 
pared seems to be known only to the discoverer. Minute directions are given 
for their administration, and we are told that these partigens can be pur- 
chased from Kalle & Company, Biebrich-on-Rhine. 

After reading the book we must admit that it leaves but one impression 
upon us, and that is, that the purpose of its writing is to sell the ‘‘partigen.”’ 
There are no details concerning the preparation of this curative body, no 
record of animal experimentation, no experimental protocols, and apparently 
we are asked to accept the statements of the distinguished author without 
asking any questions. Here is a book published by one of the most reputable 
and best known publishing houses in the English speaking world and trans- 
lated by an American physician, apparently in charge of a state sanatorium. 
We are asking ourselves, whatever we may think or surmise concerning the 
purpose in writing the book, whether any responsibility lies with the trans- 
lator and the publisher. —V.C. V. 


Eosinophilia in Parasitic Infections 


N INCREASE in the absolute and in the relative number of eosinophiles 

in the cireulating blood usually accompanies hookworm infection. It 
is generally stated that the eosinophilia in this condition ranges from 15 to 25 
or even 30 per cent. A similar increase is seen in infection of the gastrointes- 
tinal traet with other parasites such as hydatid cyst and trichina. In ankylo- 
stomiasis the development of eosinophilia begins relatively soon after infection. 
In two eases of experimental infection Boycott found that at the end of three 
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weeks the eosinophiles had increased, in the first from 2 to 14 per cent, and 
in the second, from 3.4 to 24 per cent. According to various investigators 
an increase above 8 per cent is present in from 65 to 94 per cent of 
all hookworm patients. It has been found that the younger and more robust 
individuals react with a higher eosinophilia than do the aged or anemic. 
Those recently infected, without anemia, as a rule show a higher eosinophilia, 
Boyeott has observed in such a patient an eosinophile count as high as 72.7 
per cent. The absence of eosinophilia in heavily infected anemic patients is 
of grave prognosis. 

Following removal of the parasite by appropriate treatment, very de- 
cided changes occur in the blood picture. In those with high eosinophilia 
before treatment, the count gradually falls, after treatment, to normal. On 
the other hand, in anemie individuals having a low eosinophilia or none at 
all, removal of the parasites frequently results in an increase in the abso- 
lute and relative number of eosinophiles. Increases of as much as 35 per 
cent following treatment have been recorded. 

This post-therapeutie increase continues for from one to six weeks and 
then gradually falls away. However, the complete return to normal is ex- 
ceedingly slow. It is a question in some cases whether there is ever a com- 
plete return. Lamierre and Lantuéjoul found that an eosinophilia of 8 per 
cent persisted as long as five months after treatment while Boycott found 
11 per cent in a patient three years after apparently complete cure. 

The increase in the eosinophile count after treatment parallels to some 
extent the increase in the red cell count and hemoglobin. After a time 
the former ceases to inerease and diminishes gradually while the hemo- 
globin and red count continue to rise. 

Lamierre and Lantuéjoul point out that the increase in eosinophiles after 
treatment is entirely different from the post-therapeutie reaction in hydatid 
eyst infection. After recovery from the latter the eosinophiles immediately 
decrease. Chauffard and Boidin report a case in which the count fell within 
eight hours after the removal of an hydatid cyst, from 38 per cent to 1 per 
cent. In this disease a persistence of eosinophilia after removal indicates 
either that there is another cyst present or that the one operated on was 
incompletely removed. This is not the case with ankylostomiasis. In the 
latter the increase in eosinophiles following treatment may occur even though 
all parasites are proved to have been removed. It is true that in 26 per cent 
of cases more than 2 doses of anthelmintic are necessary for complete re- 
moval. In Egypt Sandwirth found it necessary to use even as high as 11 
doses for satisfactory results. The absence of ova in the stools on microscopic 
examination does not prove that the patient has been cured. According to 
Briins and Mackel, hookworm larve may be cultivated from fecal matter 
which is apparently free from ova on routine microscopic examination. Never- 
theless the eosinophile increase cannot be satisfactorily explained on the 
grounds of residual infection. It has been quite amply demonstrated in in- 
dividuals who have been watched over long periods and who have remained 
free from subsequent evidences of disease, that this post-therapeutie eosino- 
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Lamierre and Lantuéjoul have offered an explanatory hypothesis. They 
point out that individuals infected with hookworm have at necropsy a duo- 
denal wall infiltrated with enormous numbers of eosinophiles. These cellu- 
lar elements may have been formed in that locality or more probably they 
are true eosinophiles coming from the bone marrow by way of the blood 
stream. 

Weinberg and Seguin have experimented with intestinal parasites in 
horses. They find that the local accumulation will not occur in the region 
of fixation of the parasites unless the animals possess eosinophiles in the 
circulating blood. The local eosinophilia in the wall of the intestine is 
proportional to the degree of eosinophilia in the circulating blood. In- 
jection of an eosinophilotactiec substance causes an almost immediate lower- 
ing of the eosinophile count in the cireulating blood coincident with a local 
inerease at the site of injection. These facts point toward hematogenous 
origin. The latter authors explain the almost immediate decrease in cireu- 
lating eosinophiles following hydatid cyst removal as due to the necessary 
spilling of small quantities of fluid during removal. The eosinophilotactic 
action of this fluid draws the cells from the blood, to the site of operation. 

Lamierre and Lantuéjoul suggest that the increase after removal of the 
hookworm may be due to the removal of the eosinophilotactic substance. 
They conceive of the bone marrow as having been acted upon by a poison 
absorbed from the region of the duodenum and which stimulates the production 
of eosinophiles. With the loss of the eosinophilotactie substance from the 
duodenum and with continued increased output from the marrow, eosino- 
philes accumulate in the blood stream. These authors believe that the hyper- 
genesis in the bone marrow persists for some time, and that the post-thera- 
peutic increase is due to disturbed balance between the number of eosinophiles 
in the blood and those drawn to the duodenal wall. 

If, on the contrary, the eosinophilia is due to the local formation of eosino- 
philie cells in the duodenal wall, and the increased count in the blood is due 
to overflow from this area, these authors believe that the increase would be 
explained by the therapeutic removal of those substances which tend to re- 
tain these cells in situ. 

Eosinophilia is usually associated with the presence in the body, or ab- 
sorption into the body of protein substances or protein split products. It 
is a phenomenon of anaphylaxis, of serum sickness and of bronchial asthma. 
Where the foreign protein has a localized distribution, eosinophiles will usu- 
ally be found in such localities. This is true of the lungs in bronchial asthma, 
and of eneysted embryos in trichinosis. Opie has shown that in experimental 
trichinosis the bone marrow is usually increased in extent and shows large 
numbers of mature and immature eosinophilic cells. In very severe infection 
these cells may show evidences of degeneration. He finds that the increase in 
eosinophiles in the circulating blood does not begin until the parasites have 
begun to pass to the muscles. At this time proliferation in the bone marrow 
becomes quite active. Opie has shown that in experimental animals infected 
with trichina, eosinophiles move from the bone marrow into the blood stream 
and from the latter to the sites of innoculation. Although they behave in 
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this respect somewhat similarly to neutrophilic leucocytes, they rarely show 
active phagocytosis. 
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Acne Vulgaris 


gw vulgaris is one of the commonest skin affections, so common that it 
has been estimated that 40 per cent of the population suffer from it. By 
most physicians it is looked upon either as insignificant or as a nuisance as the 
case may be, though by some it serves, because of its intractability, as a mere 


To the ambitious practitioner it is a béte noir. 
It does not in- 


source of income. 

It is a disease which has, so far as is known, no mortality. 
capacitate for work, and yet it is often the cause of unpleasant social situations, 
and not infrequently it casts a cloud over an otherwise bright and happy career. 

Patients looking perfectly healthy except for the local lesions, ask medical 
advice for the cure of the disease for social rather than for physiologic reasons. 
If the blemishes one sees on the faces of passers-by on our main thoroughfares is 
any indication of therapeutic success, then the results are lamentable. Never- 
theless the disease is almost without exception readily and promptly cured. One 
measure depends upon the use of vaccines preferably autogenous ones. There 
are cases, a minority one would say, which respond very perfectly to such 
therapy. But it is often a difficult matter to procure a vaccine. In many eases 
of acne it is almost impossible to isolate the B. acnis in pure culture, and its 
growth is slow when it is isolated. Nevertheless it seems true that certain cases 
are benefited by either a mixed autogenous vaccine, composed of the staphylo- 
coecus so frequently a secondary invader of the aene lesion, and the aene bacillus; 
or one composed of the staphylococcus alone. Cases responding promptly to 
this latter agent are probably not true aene. Generally speaking, however, the 
vaccine treatment has been discouraging, as Fox demonstrated in his experiments 
carried out at Cornell University. 

But better than vaccines and infinitely less troublesome to the patient, is 
x-ray therapy. LaFevre, in a report of his experience with this method, cover- 
ing a period of ten years, and several hundred eases, says that there were but a 
few individuals who did not entirely clear up, and that these were improved. 
Ilis results appear to be the exact reverse of those of Fox. 

The writer has yet to see a case which has not responded satisfactorily to 
this form of treatment, but he urges that the amount of the ray used must be 
judged carefully for each ease, after ascertaining what local treatment has been 
used previously. An erythema should just be avoided. With a careful technic 
not more than two treatments are required as a rule, and very rarely are more 
than three treatments needed. 
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Recent advances in radiotherapy are so numerous and rapid that few 
physicians know them all. Those who have attempted to keep up find it difficult 
to choose a conservative middle course between the overenthusiastic and the 
skeptic. The arguments of one appear to be about as convincing as those of the 
other. It is for this reason that we think it of value to call attention to the suc- 
eossful methods which bear the test of practice, and to suggest that, in the case 
of aene vulgaris, radiotherapy be tried as the first remedy and not as the final 
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CORRESPONDENCE 


The Constitution of Arsphenamine 


To the Editor: 

In a review of the ‘‘Chemotherapy of Organie Arsenicals and the Related 
Physical Phenomena’’ by C. N. Myers, Jour. Lab. Clin. Med., vol. vii, No. 1, 
p. 23, I am erroneously quoted as stating, in substance, that the volatile mat- 
ter of commercial arsphenamine is entirely methyl alcohol of crystallization 
and that it is this methyl alcohol that is responsible for the untoward reac- 
tions that follow the use of the drug intravenously. 

In the Jour. Lab. Clin. Med., iv, No. 4, under the caption ‘‘ Notes on the 
Decomposition of Arsphenamine’’ I stated that ‘‘Commercial Arsphenamine 
is a mixture of dihydroxydiaminoarsenobenzenedihydrochloride, its oxidation 
products, mineral impurities chiefly sulphur, water, methyl alcohol and ether.’’ 
The volatile impurities on three samples of arsphenamine that had been found 
especially toxic were stated as amounting to 7.76, 4.60 and 6.19 per cent re- 
spectively, and of this 20.33 and 23 per cent, respéctively, was accounted 
alkoxyl, figured as methoxyl. This would, of course, include ether, alcohol, 
and acetone. I have at no time used the term ‘‘ water of erystallization’’ or 
‘‘methyl aleohol of erystallization,’’ indeed I stated that ‘‘the uneven loss 
of weight * * * argues against the presence of water of crystallization and 
suggests rather hygroscopic moisture or water of oeclusion’’ and that ‘‘the 
methyl aleohol and ether is probably held in the same way.’’ My methods of 
work and the figures obtained were published at that time in detail. Myers 
states (p. 23, loe. cit.) that in some samples of arsphenamine, a maximum of 
2 per cent of methyl aleohol was recovered. This amount is greater than the 
amount of aleohol, ether, and acetone combined that I reported for any of the 
samples of arsphenamine I examined, and these samples were all selected 
because of their high toxicity. Myers’ observations on the methyl alcohol 
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content are therefore largely confirmatory of my work done three years 
before. 

The possibility of this amount of methyl alcohol proving toxic I have 
never considered. I have, however, pointed out that by esterification with 
arsenic under the low pressure of the ampoule, a highly toxie alkyl arsin might 
be formed and greatly increase the toxicity of the solution. The fact that 
solutions made with hot water, and solutions that have stood before use are 
less toxic than they would otherwise be, certainly favors the assumption that 
a volatile impurity is present. On a statistical basis I have found solutions per- 
forated with a brisk current of hydrogen for one minute before use about 
15 per cent less toxie to a parallel series of ten rats than when used imme- 
diately. 

Reactions with any of the arsphenamines have been unknown in this 
clinie the past year, during which over 500 full doses have been intravenously 
administered. Three years ago when the manufacture of the drug in America 
was still in an experimental stage, untoward results were obtained with dis- 
tressing frequency. This change to my mind means an improvement in the 


drug itself, be it chemical or physical. 
JOHN B. RIEGER. 
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